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PROCEEDINGS. 


This  Association    is    not    responsible,  as  a  body,  for   the   opinions   or    views 
expressed  by  individual  members. 


TUESDAY,  MARCH  i6,  1909. 

MORNING    SESSION. 

The  convention  was  called  lo  order  by  the  ^President,  Mr.  Will  am 
McNab,  Principal  Assistant  Engineer,  Grand  Trunk  Railway  System, 
at  9  a.  m. 

The  President: — The  Chair  desires  to  extend  a  very  cordial  wel- 
come to  the  members  to  this  tenth  annual  convention.  It  is  particularly 
gratifying  to  note  the  large  attendance  at  the  beginning  of  the  first 
morning  session,  and  such  may  be  taken  as  indicative  of  the  interest 
that    is    taken    in    our   proceedngs. 

The  first  item  of  business  is  the  presentation  of  the  Minutes  of 
the  last  annual  convention.  m\s  it  is  desirable  to  economize  as  much 
time  as  possible,  and  as  these  Minutes  have  been  in  your  hands,  the 
actual  reading  will  be  dispensed  with,  if  there  be  no  objection.  There 
being  no   objection,   the   Minutes   will   stand   approved. 

The   next   order   of    business    is    the    President's    convention    address. 

PRESIDENT'S   ADDRESS. 

Your  Association  has  completed  a  decade  of  active  work,  and  dur- 
ing that  period  has  made  an  enviable  record,  and  now  occupies  a 
promii^nt  position  in  the  front  rank  of  railway  organizations  and 
engineering   societies. 

The  advantage  gained  by  this  status  turns  on  the  beneficial  in- 
fluence it  exerts  in  connection  with  the  objects  of  the  Association — 
the  advancement  of  knowledge  pertaining  to  the  scientific  and  eco- 
nomical location,  construction,  operation  and  maintenance  of  railways — 
an  influence  which  has  been  imparted  to  the  railway  world  in  a  degree 
of    usefulness,    universal    in    its    scope    and    almost    unparalleled    in    its 
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import.  This  feature  should  be  especially  gratifying  to  the  members 
on  this  particular  anniversary.  More  especially  should  this  appeal  to 
us  as  few,  if  any,  kindred  bodies  have,  w;thin  the  same  period  or 
similar  length  of  time,  acquired  the  growth,  stability,  practical  useful- 
ness  and,    in   general,    the   high    standing   attained    by   your    Association. 

In  modern  days,  the  science  of  Railway  Engineering  occupies  a 
wide  range  in  the  domain  of  Civil  Engineering  in  the  generic  sense. 
This  fact  was  appreciated  even  in  the  early  days  of  railway  construc- 
tion, by  the  compilers  of  the  lexicons  of  that  per;od,  the  term  "Civil 
Engineer"  being  defined  by  them  as  "one  who  plans  railways,  harbors, 
docks,   etc." — railways   apparently   being  given   first  place    in   importance. 

From  these  early  days  down  to  the  time  when  the  present  classi- 
fication of  expenditure  was  introduced,  each  railway  was  practically 
a  law  to  itself  in  regard  to  physical  standards,  as  well  as  to  clerical 
and   accounting   methods   considered   necessary   for   its   proper   care. 

In  the  course  of  time,  however,  the  field  covered  by  what  is  com- 
prehended under  the  term  "Railway  Engineering"  became  so  enlarged 
and  so  important  that  direct  supervision  in  detail  from  one  source  was 
found  inadequate,  even  though  the  authority  enjoyed  the  broad  title 
of   Civil    Engineer. 

During  that  period  there  was,  in  a  more  or  less  degree,  a  lack  of 
proper  appreciation  of  the  value  of  technical  education  and  training 
as  an  adjunct  to  the  pract'cal  working  of  the  railway,  and  the  results 
of  experiments  made  from  time  to  time  by  certain  railways  individually 
to  establish  a  justification  for  proposed  changes  were,  in  regard  to 
real  value,  not  altogether  satisfactory  to  the  railway  world  in  general. 
The  experience  gained  from  such  investigations,  desirable  or  undesira- 
ble as  the  case  might  be,  was  often  acquired  only  after  the  expenditure 
of  large  sums  of  money,  direct  or  indirect,  and  the  ascertained  facts 
were  jealously  guarded  by  the  interests  concerned. 

To  the  railway  world,  however,  the  results  of  such  investigations, 
fven  if  known  to  be  of  benefit,  did  not  meet  all  the  requirements 
cssent'al  to  a  comprehension  of  what  was  expedient  from  an  economic 
standpoint,  and  the  lesson  which  should  have  been  taught,  viz.,  that 
as  much,  if  not  more,  valuable  experience  is  to  be  acquired  through 
failures    rather    than    from    successes,    was    not    properly    brought    home. 

The  textbooks  upon  particular  subjects  connected  with  Railway 
Engineering  in  use  in  earlier  days  were  produced  under  private  or 
individual  auspices.  As  a  general  rule  they  were  ably  edited,  yet  the 
perspective  embraced  was  circumscribed  by  reason  of  existing  circum- 
stances, and  the  value  of  their  use  was  necessarily  limited  on  account 
of  lack  of  systematic  re-issue  of  such  volumes  with  supplements  to 
meet  changing  conditions.  Special  articles  upon  railroad  technical  mat- 
ters which  appeared  from  time  to  time  lacked  the  value  of  full  discus- 
sion, and  information  thus  imparted  did  not  meet  requirements ;  there- 
fore, the  interest  created  could  only  be  looked  upon  as  more  or  less 
temporary  and   superficial. 
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Railway  Engineering,  as  a  great  department  of  knowledge,  eventually 
came  to  be  so  subdivided  in  order  to  meet  the  conditions  of  the  times, 
that  each  subdivision  practically  developed  into  a  distinct  science,  yet 
each  department  retained  possession  of  all  the  elements  tending  to  form 
a  harmonious  whole.  Evolution  in  this  respect,  however,  progressed 
slowly,  and  the  methods  and  standards  in  use  were  in  many  instances 
adhered  to  too  long,  partly  because  their  chief  recommendation  lay  in 
the  fact  that  they  were  time-honored  or  that  there  was  a  lack  of 
knowledge   of  better   substitutes. 

Nowadays,  fewer  textbooks  on  details  of  railway  construction  and 
maintenance  emanate  from  private  sources,  for  the  output  of  your 
Association,  viz.,  the  conclusions  and  principles  of  practice  emanating 
from  its  various  committees,  which  eventually  find  their  way  into  the 
Manual  of  Recommended  Practice,  have  become  the  source  of  appeal 
in  their  respective  spheres.  If  reference  be  made  to  the  discussions 
preceding  the  adoption  of  such  conclusions  and  principles  of  practice 
to  be  found  in  our  Proceedings,  it  will  be  'noted  that  every  detail  has 
been  thoroughly  covered. 

The  bibliography  of  your  Association  is,  in  consequence,  liberally 
made  use  of  to  advantage,  not  only  by  the  members,  but  by  the 
executive  ofificers  of  our  railways,  as  being  practically  authoritative  on 
railway-  technical  details.  In  this  general  connection,  we  are  amply 
justified  in  stating  that  there  need  be  no  hesitancy  in  accepting  as  good 
modern  practice,  based  upon  scientific  methods,  the  general  principles 
which  are  recommended  therein.  You  are  all  aware  that  before  any 
of  the  various  recommendations  are  adopted  and  disseminated,  they 
have  been  thoroughly  discussed  and  voted  upon  in  open  convention 
by  the  most  competent  and.  up-to-date  body  of  railway  engineers  to  be 
found  anywhere,  and  in  no  other  organization  is  there  a  greater  degree 
of  care  exercised  to  guard  against  inconsistencies  than  is  exhibited  in 
our  own. 

But  while  there  is  every  reason  to  be  proud  of  our  achievements 
during  these  past  ten  years,  we  should  not  rest  content,  but  endeavor 
to  keep  our  work  up-to-date  by  eliminating  from  our  Recommended 
Practice  what  in  course  of  time  has  become  obsolete  and  perfecting 
that  which  is  considered  worthy  of  retention,  in  order  that  our  recom- 
mendations may  be  safely  relied  upon  as  representing  the  best  practice 
that   can  be   devised   for   the  time  being. 

In  no  quarter  of  the  world  do  the  diversities  of  nature,  both 
physical  and  climatic,  exist  in  a  greater  degree  than  on  the  North 
American  Continent,  and  for  this  reason  the  problems  confronting  rail- 
way engineers  afford  ample  opportunity  for  the  exercise  of  that  par- 
ticular knowledge  which  your  Association  was  formed  to  advance, 
namely,  that  pertaining  to  the  scientific  location,  construction,  operation 
and  maintenance  of  railways. 

Great  progress  has  been  made  in  that  respect  since  the  formation 
of  your  Association  ten  years  ago,  as  will  be  noted  by  reference  to  the 
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historical  sketch  prepared  by  the  Secretary.  It  is  realized  more  fully 
that  the  railway  problems  coming  under  our  immediate  purview  are 
being  brought  under  the  influence  of  common  conditions  and  tendencies. 

We  meet  the  propositions  which  ever  present  themselves  with  the 
knowledge  that  conditions  tn-day  are  not  to  bo  go\erncd  entirely  by 
the  experience  acquired  in  earlier  days.  It  is  our  endeavor,  also,  to 
realize  how  in  carrying  out  the  objects  of  the  Association,  true 
economics  requires  proper  discernment  between  what  is  expedient  and 
what  is  essential,  as  well  as  a  clear  insight  into  what  will  tend  to  the 
permanent  commercial  success  of  the  companies  by  whom  we  are  re- 
spectively employed.  We  are  also  striving,  and  not  unsuccessfully, 
for  a  better  understanding  of  the  relationship  of  capital  invested  to 
maintenance  and  operating  expense.  In  this  respect  it  is  borne  in 
mind  that  as  the  ratio  of  progress  of  all  kinds  is  ever  increasing,  and 
that  as  railways  are  commercial  undertakings,  the  various  factors  which 
produce  the  greatest  pemianent  profit  per  cent,  of  the  expenditure,  as 
well  as  those  which  have  an  adverse  effect,  must  be  carefully  studied. 
We  realize  more  and  more  the  value  of  a  free  exchange  of  experiences 
and  the  practical  uses  that  such  exchanges  can  be  put  to  as  well  as  the 
results  brought  about  by  scientific  analyses  of  theories  that  have  not 
yet   been   put   to    experimental   tests. 

Since  your  last  convention,  the  Board  of  Direction,  as  well  as  the 
Association  as  a  whole,  have  been  called  upon  to  sustain  a  heavy  loss 
in  the  removal  by  death  of  two  of  its  most  valued  members,  namely, 
your  late  President,  Waiter  G.  Berg,  and  D.  D.  Carothers,  member  of 
the  Board  of  Direction.  In  every  department  of  the  Association's 
interests  with  which  they  were  respectively  connected,  their  work  was 
accomplished  with  a  thoroughness  that  left  a  deep  and  lasting  impress 
upon  the  minds  of  their  colleagues  and  fellow-members,  while  the 
genial  personality  of  each  endeared  them  socially  to  the  membership 
generally.  Opportunity  will  be  afforded  during  this  convention  for 
remarks  from  members  eulogistic  of  the  life  and  character  of  both 
the   deceased  officers. 

Your  President  having  been  actively  connected  with  the  Association 
since  its  inception,  desires  now  to  bear  testimony  to  the  zeal  shown  by 
the  officers  and  directors  in  shaping  the  destiny  of  the  Association,  and 
guarding  its  best  interests.  Acknowledgment  is  also  made  of  the 
earnest  devotion  of  the  chairmen,  vice-chairmen  and  members  of  the 
committees,  and  of  the  members  of  the  Association  individually  in  the 
work,  and  it  may  be  accepted  as  entirely  within  the  limits  of  modesty 
if  it  be  said  that  by  reason  of  the  elements  just  mentioned  the  work 
has  been  carried  on  with  a  degree  of  perfection  that  otherwise  would 
have  been   impossible. 

It  may  also  be  said  that  during  the  past  decade  railway  construc- 
tion could  not  have  progressed  to  the  extent  and  in  the  manner  it  has, 
nor  the  railways  themselves  been  as  efficiently  maintained  as  they  have 
been  and  are  being  maintained,  if  it  had  not  been   for  the  organization 
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and  co-operation  shoulder  to  shoulder,  individually  and  collectively,  of 
the  members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association.     (Applause.) 

The  President: — We  will  now  call  for  the  reports  of  the   Secretary 
and  Treasurer. 

Secretary   E.    H.    Fritch    presented    the    following    reports : 

REPORTS   OF   SECRETARY   AND   TREASURER. 

March   15,    1909- 
To   the  Members  of  the  Association: 

The   following   report   is   respectfully   submitted : 

FINANCIAL     STATEMENT. 

Balance   cash   on  hand  March    15,   1908 $15,852.06 

Receipts    during   the    year $13,078.36 

Expenditures    during    the    year 12,782.85 

Balance     to     credit $     295.51        295.51 

Balance  cash   on  hand,  March  15,   1909 $16,147.57 

EXPENDITURES     IN     DETAIL. 

Stationery    and    printing $  621.66 

Proceedings      2,655.33 

Bulletins      2,899.19 

Postage    477.43 

Salaries      3.369.96 

Officers'    expenses    141.60 

Annual    meeting    expenses 749-07 

Telephone    and    telegrams 135-52 

Committee    expenses     322.80 

Rents 720.00 

Expressage     279.89 

Exchange      ig.25 

Supplies      145.81 

Light     17.94 

Equipment     97-70 

Miscellaneous      130.00 

Total     expenditures      $12,782.85 

IMPACT    TEST    FUND.     . 

Total    amount   of    fund $  5,581.74 

Amount  expended   to   date   account  impact   tests 5,314.82 

Balance    of    fund    on    hand $   266.92 

MEMBERSHIP. 

Membership    last    annual    report 680 

Members   admitted    during   the   year 120 

800 

Deceased    members    8 

Resignations     8 

16  16 

Membership  date  of  this   report 784 
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Tlie  following  members  died  during  the  year:  Walter  G.  Bi£k(;, 
1).  D.  Carothers,  H.  G.  Fleming,  Theo.  Schiulovsky,  E.  E.  Stynek, 
J.   W.   Leahy,   Dennis   Sheahan,   C.   E.   Sheriff. 

Respectfully  submitted, 

E.   H.  Fkitch,  Sccrchiry. 

The  President: — You  have  heard  these  reports;  what  is  your 
pleasure? 

Mr.  W.  G.  Bcsler  (Central  Railroad  of  New  Jersey)  :— I  move 
that  the  reports  be  accepted  and  placed  on  the  Minutes. 

(Motion   carried.) 

The  President : — The  Chair  extends  the  privileges  of  the  floor  to 
railway  officials  and  to  college  professors  not  members  of  the  Associa- 
tion,  to   take  part   in   the   discussions. 

The  Chair  would  request  that  each  member  rising  to  speak  for 
the  first  time  will  announce  his  name  clearly  in  order  that  the  reporter 
may  get  it  accurately  and  that  he  may  be  made  known  to  the  mem- 
bership   generally. 

The  first  report  for  consideration  at  this  session  is  that  of  the 
Committee  on   Uniform   Rules,   INIr.   R.   C.    Barnard,   chairman. 

(See   report,   pp.    51-55;    discussion,   pp.    56-69.) 

The  President: — The  Chair  would  say,  in  regard  to  tlie  work  which 
was  uppermost  in  the  late  Mr.  Berg's  mind,  in  safeguardii;g  the  in- 
terests of  the  Manual,  which  he  carried  out  so  effectively,  that  the 
Board  of  Direction  has  delegated  Mr.  Edwin  F.  Wendt  to  carry  on  that 
particularly  good  work  that  Mr.  Berg  was  so  eminently  fitted  for.  It 
is  no  doubt  an  arduous  task,  but  I  am  sure  the  members  all  recog- 
nize Mr.  Wendl's  ability  for  taking  charge  of  any  hard  and  close 
work,  and  he  will  do  so  right  through  the  sessions  of  this  meeting.  The 
Chair  makes  this  announcement  for  the  reason  that  iMr.  Wendt  may 
have  occasion  to   take   the   floor   frequently. 

The  President : — The  next  report  is  that  of  the  Committee  on 
Signaling  and  Interlocking,  Mr.  A.  H.  Rudd,  of  the  Pennsylvania  Rail- 
road, chairman. 

(See    repnrt,    pp.    71-207;    discussion,    jip.    208-2,54.) 

The  President : — Gentlemen,  one  of  the  best  and  most  extensive 
exhibits  of  the  Road  and  Track  Supply  Association  in  its  history  is 
now  being  held  in  the  Coliseum.  It  has  been  decided  that  this  Asso- 
ciation adjourn  promptly  at  four  o'clock  in  order  that  the  members 
may  have  an  opportunity  of  visiting  that  exhibit  in  a  body.  With  that 
early   closing   in   view   the   Chair   would   ask   the   members   discussing   re- 
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ports   and    matters   connected   with   them   to   be   as   precise   and   as    much 
to  the  point  as  possible. 

(Vice-President   Snow  in   the   chair.) 

The  Vice-President : — We  will  now  take  up  the  report  of  the 
Special  Committee  on  Brine  Drippings  from  Refrigerator  Cars,  Mr. 
J.  C.   Mock,  of  the   Michigan   Central   Railroad,   chairman. 

(See   report,   pp.   235-243;   discussion,   pp.   244-247.) 

The  Vice-President : — The  next  report  is  that  of  the  Committee 
on  Yards  and  Terminals,  Air.  F.  S.  Stevens,  of  the  Philadelphia  & 
Reading  Railroad,   chairman. 

(See   report,   pp.   249-331;    discussion,    pp.   332,    ^33.) 

(President   McNab    in   the    chair.) 

The  President: — We  will  now  call  for  the  report  of  the  Committee 
on  Rail,  Mr.  Chas.  S.  Churchill,  of  the  Norfolk  &  Western  Railway, 
chairman. 

(See   report,   pp.   334-392;   discussion,   pp.   393-396) 

The  President : — The  Chair  would  take  this  opportunity  of  con- 
gratulating the  Association  for  being  well  up  to  schedule  time  on  these 
reports  so  far,  and  to  thank  the  members  for  the  promptness  with 
which  they  responded  to  the  invitation  to  be  here  at  two  o'clock  to-day. 
Now,  every  good  deed  should  have  a  reward,  and  with  that  in  view 
the  Chair  would  ask  the  members  of  the  Association  to  take  a  holiday 
from  now  until  eight  o'clock.  There  are  two  very  important  commit- 
tee reports  to  consider  to-night,  Track  and  Ties.  Let  me  hope  that 
you  will  all  enjoy  and  profit  by  what  you  see  at  the  exhibit  this  after- 
noon. 

(Adjournment    until   8   o'clock.)  ^ 

EVENING    SESSION. 

The  President: — The  first  feature  this  evening  will  be  memorial 
remarks  in  connection  w-ith  the  late  Walter  G.  Berg  and  the  lat? 
D.  D.  Carothers. 

You  will  no  doubt  recall  the  events  connected  with  the  last  day 
of  the  convention  of  twelve  months  ago,  when  on  that  occasion  you 
elected  to  the  presidential  office  a  gentleman  widely  known  and  one 
of  the  most  respected  and  esteemed  members,  not  only  of  this  Associa- 
tion, but  of  the  engineering  profession  in  general.  I  refer  to  the  late 
Walter  G.  Berg.  Under  his'  guiding  hand  an  exceptionally  brilliant 
year  w-as  anticipated.  This  opinion  was  held  not  only  by  the  Board 
of  Direction  but  by  the  members  generally,  and  I  am  sure  that  the 
late    Mr.    Berg,    despite    the    modest    nature    he    possessed,    was    of    the 
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same  opinion.  But,  gentlemen,  hardly  had  one  official  act  been  con- 
summated when  the  hand  of  Death  claimed  him,  and  by  one  fell  swoop, 
as  it  were,  demolished  the  .tnticipations  that  we  held  in  regard  to  his 
prospective  administration.  It  seems  to  the  Chair  as  being  fit  and 
proper  that  this  Association  should  place  itself  on  record  by  having 
a  suitable  resolution  not  only  inscribed  on  our  Minutes  but  a  copy 
of  such  sent  to  the  representatives  of  the  family  of  Mr.  Berg,  a 
resolution  which  will  show  the  appreciation  in  which  he  was  held  by 
the  Association.  Some  member  will  no  doubt  make  a  motion  embody- 
ing the  sense  of  the  Association  in  regard  to  the  worth  of  the  late 
Mr.  Berg. 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis  Railroad)  : — 
Mr.  President,  it  seems  but  yesterday  since  I  had  the  honor  and  pleas- 
ure, at  the  close  of  the  ninth  annual  convention,  to  make  the  announce- 
ment that  Mr.  Berg  had  been  elected  President.  Those  who  were  here 
then  but  little  thought  that  in  a  short  twelve  months,  in  this  same 
place  and  with  the  same  surroundings,  we  would  meet  to  record  our 
estimate  of  his  virtues  as  a  parting  memory.  Those  who  were  here 
that  afternoon  will  well  recall  the  modesty  and  the  self-effacement  with 
which  he  accepted  the  honorable  office  to  which  he  had  been  elected 
and  the  exceedingly  nice  way  in  which  he  introduced  his  ideas  of  those 
measures  which,  in  his  judgment,  would  tend  to  increase  the  usefulness 
and  power  of  this  Association.  The  Board  of  Direction,  after  his 
death,  through  a  proper  committee,  have  had  recorded  an  estimate  of 
his  life  and  achievements,  but  it  seems  to  me  proper  at  this  time,  for 
the  organization  as  a  whole,  here  assembled,  to  take  further  note  of 
the  sad  occurrence,  and  in  a  sense  to  make  a  brief  summary  of  the 
salient  points  of  his  career,  which  will  be  recorded  upon  the  Minutes 
of  this  meeting  and  a  copy  sent  to  his  family  as  our  last  expression 
in  relation  to  his  sad  taking  off,  and  I,  therefore,  in  behalf  of  your 
Board  of  Direction,  offer  the  following  Minute  to  be  spread  upon 
the  record  of  this  meeting  and  a  copy  to  be  sent  to  his  family : 

"Walter  G.  Berg,  the  sixth  President  of  the  American  Railway 
Engineering  and'  Maintenance  of  Way  Association,  died  May  12,  igo8, 
in  his  fiftieth  year.  It  is  befitting  that  at  the  close  of  the  term  for 
which  he  was  chosen,  the  work  of  which  began  so  auspiciously  under 
his  guiding  hand,  that  this  Association  make  record  of  its  lasting 
obligation  for  his  services  in  its  cause,  and  set  forth  an  estimate  of 
his  character   and   his   accomplishments. 

"His  connection  with  this  Association  was  made  early  in  its 
organization.  The  story  of  its  progress  cannot  be  made  without  re- 
cording his  individual   part  therein.     The   impress   of  his   character,   of 
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his  method,  of  his  thoroughness,  and  of  his  conscientiousness  is  deep 
and   lasting. 

"The  science  of  Railway  Engineering,  as  expressed  in  the  records 
of  this  Association,  reflects  his  painstaking  genius,  his  wise  forethought 
and   his   sound   business    sense. 

"As  a  fellow-laborer  in  the  field  of  science  he  was  tolerant  and 
helpful. 

"As  a  leader  in  the  organization  he  had  the  courage  of  his  ex- 
perience,  and   the   quiet   force   which   induced  conviction. 

"In  the  brief  period  of  his  service  as  President  he  manifested  a 
wide  grasp  of  affairs  and  a  thoroughness  in  details  portending  a  bril- 
liant  administration. 

"In  his  varied  relations  to  the  work  of  the  Association,  his  simple 
character,  his  modesty,  his  self-eflfacement,  won  the  enduring  regard 
of  his  co-laborers  in  our  cause. 

"The  ties  of  affection  and  all  that  made  life  sweet  were  severed 
almost    in    the   twinkling   of    an    eye. 

"To  those  who  were  near  and  dear  to  him,  this  Association  tenders 
its   profound    sympathy. 

"The  keenness  of  their  grief  is  tempered  by  the  consoling  reflec- 
tion that  the  memory  they  cherish  is  not  alone  sweet  to  the  senses  of 
their  affection,  but  in  that  wider  circle  where  his  life's  work  was  ac- 
complished, the  fragrance   of  his  memory  will   forever  linger." 

Mr.  L.  C.  Fritch  (Illinois  Central  Railroad)  :— I  second  Mr. 
Johnston's  motion  and  suggest  there  be   a  rising  vote. 

The  President : — Before  putting  the  motion  we  would  be  glad  to 
hear  from   some  of  the  other  members. 

Mr.  E.  F.  Ackerman  (Lehigh  Valley  Railroad)  : — Mr.  President 
and  iMembers  of  the  Association,  I  consider  it  an  honor  to  be  priv- 
ileged to  make  a  few  remarks  concerning  our  friend  and  Past-Presi- 
dent of  this  Association,  the  late  Mr.  Berg.  It  was  my  good  fortune 
to  have  been  intimately  associated  with  him  for  the  past  ten  or  twelve 
years,  and,  therefore,  perhaps,  appreciate,  to  a  greater  extent  than 
most  of  us,  the  great  loss  that  not  only  this  Association,  but  the  engi- 
neering profession  at  large,  has  suffered  by  his  untimely  death. 

It  is  not  necessary  for  me  to  dwell  at  length  upon  his  interest 
in  this  Association.  His  untiring  labor,  his  ever-increasing  enthusiasm 
and  his  personal   influence   are    familiar   to   us  all. 

It  is,  perhaps,  concerning  his  personality  as  a  railroad  official,  that 
I  am  best  qualified  to  speak.  As  a  subordinate  he  was  ever  courteous, 
painstaking  and  loyal,  and  at  all  times  exhibiting  that  untiring  zeal 
so  characteristic  of  him. 

As    a    superior,    his    kindly    consideration    and    personal    interest    in 
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liis  subordinates  was  universally  known  and  extended  from  the  highest 
to  the  lowest  positions  under  him.  He  likewise  took  the  same  interest 
in  men  of  other  associated  departments.  He  was  always  open  to  con- 
viction and  encouraged  the  advancement  and  discussion  of  opinions. 
His  advice  in  personal  and  professional  matters  was  always  given, 
often  at  considerable  personal  inconvenience. 

Thoroughness  was  the  keynote  of  his  success,  and  many  of  the 
results  attained  by  him  were  attended  with  exhaustive  investigations 
involving  an  application  that  would  discourage  the  average  person. 
With   him,   however,   hard   work   was   a   pleasant    recreation. 

With  regard  to  his  family  life,  I  always  considered  it  ideal. 
He  was  a  kind  and  loving  husband  and  father  and  a  dutiful  son.  The 
latter  years  of  his  life  were  saddened  by  the  loss  of  his  wife,  to  whom 
he  was  exceedingly  devoted.  I  sometimes  think  that  he  endeavored  to 
lighten  his  sorrow  by  keeping  himself  constantly  occupied  by  hard 
work ;  but  withal,  he  never  lost  sight  of  his  home  ties  and  household, 
which  received  the  same  thorough  attention  so  characteristic  in  his 
business   aflfairs. 

Personally,  I  have  lost  a  friend  who  was,  in  effect,  a  father  to  me, 
and  I  am  quite  sure  that  this  feeling  is  shared  by  others  who  have 
had  the  good   fortune  of  his   association. 

The  Association,  too,  has  lost  an  incessant  worker  and  champion, 
and    the   profession    and    educational   circles    have    suffered    similarly. 

I  fear  that  my  remarks  only  feebly  e.xtol  the  character  of  our 
departed  member,  and,  with  a  view  of  doing  full  justice  to  his 
memory,  if  possible,  I  will  suggest  that,  as  there  are  no  doubt  a 
number  of  men  with  us  to-night  who  have  been  intimately  associated 
with  Mr.  Berg  in  various  railroad  associations,  they  be  called  upon  to 
present  that  phase  of  his  activity  and  tell  us  of  his  personality  as 
reflected  to  them. 

Mr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific  Railway)  : — Mr. 
President,  Mr.  McNab  asked  me  at  the  close  of  the  meeting  this 
afternoon  to  say  something  about  Mr.  Berg.  I  have  not  had  much 
time  to  prepare  anything,  but  I  am  glad  to  add  my  tribute. 

My  acquaintance  with  Mr.  Berg  began  about  ten  years  ago. 
I  saw  but  little  of  him  until  the  St.  Lx)uis  Exposition,  when  we 
served  on  the  same  sub-committee  on  work  assigned  us  by  the  Com- 
mittee of  the  Whole  on  Transportation.  Most  of  the  time  he  and  I 
were  the  only  members  of  our  sub-committee  who  worked.  I  then 
learned  to  appreciate,  in  a  measure,  his  great  industry,  methodical 
habits,   and   desire  to   do  everythiii.n'  in   the   most   ihorough   manner,   and, 
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more   than   this,   it   brought   out   the   many   lovable   qualities   of   the   man, 
such   as   you    could   only   see   from   daily   association. 

He  never  seemed  impatient,  no  matter  how  much  time  an  ex- 
hibitor wanted,  and  he  wanted  to  be  eminently  fair  and  juSt  to  all. 
This  was  brought  out  very  clearly  when  at  night  we  classified  the 
various    exhibits.      From   that   time   on    I    saw    a    good    deal   of   him. 

He  seldom  referred  to  his  own  work  as  an  Engineer,  but  occa- 
sionally his  conversation  revealed  his  preparation  and  the  kind  of 
work  he  had  been  doing  all  his  life.  He  told  me  of  the  work  he 
did-  at  home  nights,  and  the  great  pleasure  it  gave  him  to  prepare 
papers   of  his  own   and   edit   those   of  others. 

I  have  often  thought  that  in  the  great  hereafter  Engineers  would 
probably  be  recognized,  and  I  am  sure  that  Walter  G.  Berg  is  entitled 
to.  a   front   seat. 

Mr.  H.  S.  Balliet  (Grand  Central  Terminal  and  New  York  Central 
&  Hudson  River  Railroad)  : — Mr.  Chairman  and  Gcn.lemen.  Mr.  Berg 
and  I  were  very  closely  related  in  our  routine,  the  few  years  that  I 
was  employed  on  the  Lehigh  Valley,  but  I  would  like  to  repeat, 
almost  verbatim,  the  words  of  the  last  speaker.  He  never  knew  what 
it  was  to  stop  work.  He  was  always  ready  to  assign  to  those  under 
him  new  duties.  I  know  of  occasions  when  he  would  leave  us  at  the 
office  on  an  evening  and  say,  "Well,  you  can  typewrite  that  report 
now,  and  to-morrow  we  will  turn  it  in."  On  the  following  morning, 
bright  and  early,  he  was  at  the  office  with  two  or  three  other  schemes 
for  doing  the  same  thing,  he  having  worked  about  all  night  to 
determine  upon  what  he  considered  the  proper  method.  He  had  them 
all  worked  out  in  detail,  and  said,  "Now,  do  it  that  way."  He  was  a 
great  leader  and  pointed  the  way,  not  only  because  he  had  the  edu- 
cation, but  because  of  hig  large  capacity  for  detail.  He  grasped  things 
promptly  and   applied  them   in   the  very  best  way. 

The  President : — We  would  like  to  hear  from  Mr.  Schall,  of  the 
Lehigh   Valley  Railroad. 

■  Mr.  F.  E.  Schall  (Lehigh  Valley  Railroad)  :— Mr.  President,  Mem- 
bers and  Friends  of  this  Association,  I  did  not  expect  to  speak  on  the 
subject  of  my  departed  Chief  and  President  of  this  Association,  but 
since  you   have   called   upon  me  I   will   say   a   few  words. 

It  was  my  privilege  to  be  associated  with  ]\Ir.  Berg  for  nearly 
twenty-five  years,  and  in  this  time  I  have  had  full  opportunity  to  ob- 
serve and  experience  the  strong  character  of  the  man.  As  a  man  Mr. 
Berg  was  kind  and  just,  always  ready  to  meet  you  on  a  fair  plane; 
lie   was  a  kind   and   loving  husband  and   father,  and  a   most   dutiful   son 
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to  his  parents.  I  think  that  especially  during  the  latter  years  Mr 
Berg  sacrificed  his  ambition  and  chances  of  position  to  the  love  for 
his  old   parents,   desiring   to   be  near   them. 

As  an  Engineer  and  professional  man,  you  know  him;  it  is  not 
for  me  to  say  much  on  that  point,  his  works  speak  for  him ;  I  will 
only  refer  to  one  of  his  characteristics :  Mr.  Berg  was  a  most 
generous  superior,  he  was  the  most  liberal  to  give  advice,  not  only 
to  his  subordinates  and  co-workers,  but  also  to  his  friends  and  ac- 
quaintances, en  any  subject,  and  if  he  had  it  not  at  his  fingers'  ends, 
he  looked  for  it,  and  most  cheerfully  spent  his  time  to  assist  otiiers. 
Mr.  Berg  was  especially  kind  to  young  engineers;  this  is  best  ex- 
pressed in  the  latter  part  of  a  memoir,  published  in  a  Lehigh  Valley 
Railroad    jjublication,    "The     Black    Diamond    Express,"    when    it    said : 

"Though  his  cup  of  honors  was  filled  to  o'erflowing,  though  he 
stood  on  an  eminence  reached  by  but  a  select  few,  it  is  not  by  the 
learned  and  scientific  that  he  will  be  so  sadly  missed  as  by  those  who 
were  his  immediate  associates,  many  of  whom  to-day  are  on  the  high 
road  to  place  and  preference  owing  to  his  friendly  advice  and  as- 
sistance, his  judicious,  sagacious  counsel  and  help.  From  his  high 
eminence  he  ever  reached  down  a  helping  hand,  and  with  the  gentle 
monition  of  'friend,  come  up  higher,'  strove  to  help  them  to  a  more 
elevated  plane  in  their  chosen  profession.  By  these  he  will  be  truly 
missed,   by   these   will   he   be    deeply   mourned." 

Mr.  Hunter  McDonald  (Nashville,  Chattar.ooga  &  St.  Louis  Rail- 
way) : — I  have  known  Mr.  Berg  only  during  his  connection  with  this 
Association.  He  was  known  to  me,  however,  by  reputation  long  before 
tlial  tiirough  the  books  he  had  given  to  the  public  and  through  his 
connection  Vvith  kindred  associations.  I  always  very  much  admired 
his  efforts  in  a  literary  way,  and  I  found  them  very  helpful  to  me  in 
my  work,  and  I  was  particularly  struck  with  the  influence  that  ^lis 
work   had   on   the   associations   with   which   he   was   connected. 

I  believe  that  Mr.  Berg  has  brought  to  this  Association  the  same 
happy  influence  that  he  conferred  on  those  to  which  he  belonged  before 
he  came  to  us,  and  as  a  member  of  the  Board  of  Direction  I  want  to 
say  that  Mr.  Berg's  untiring  zeal  and  constant  interest  in  this  Associa 
lion  has  done  as  much  as  that  of  any  other  man,  if  not  more,  to 
bring  it   to   its   present  condition. 

Mr.  J.  P.  Snow  (Boston  &  Maine  Railroad)  : — I  would  bear  tcsti- 
money  to  the  great  worth  of  Mr.  Berg  to  his  fellow-engineers.  He 
was  a  great  worker  for  associations  like  this.  I  first  met  him  perhaps 
fifteen   years  ago,  when   he   was  president  of   another  association    work- 
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ing  on  somewhat  similar  lines  to  this  one,  and  he  was  the  light  of 
that  association  in  its  early  days.  Long  before  that  I  had  known  him 
by  correspondence  as*  a  very  earnest  enthusiast  in  anything  pertaining 
to  engineering  construction.  I  simply  wish  to  add  my  testimony  to 
what   has   been   said   by    others. 

Prof.  C.  Frank  Allen  (Massachusetts  Institute  of  Technology)  : — 
It  did  not  fall  to  my  lot  to  know  Mr.  Berg  intimately.  I  had  not 
the  pleasure  of  close  acquaintanceship  with  him,  but  I  would  like  to 
add  my  tribute  of  respect,  and  desire  to  call  to  mind  particularly 
one  phase  of  Mr.  Berg's  life.  Although  a  busy  railroad  man,,  he  found 
opportunity,  before  this  Association  was  organized,  to  contribute  in  a 
valuable  way  to  engineering  literature ;  to  railroad  literature.  There 
is  very  little  railroad  literature  produced  at  the  hands  of  men  in  active 
practice,  and  to  me  it  is  very  gratifying  that  a  man  as  busy  as  he 
was,  found  time  to  contribute  as  much  as  he  did  to  railroad  engineering 
literature.  The  necessity  for  it,  since  the  formation  of  this  Association, 
is  less,  perhaps,  than  at  the  time  his  books  were  written.  Nevertheless, 
I  cannot  help  feeling  that  the  example  he  set  in  that  way  is  one  that 
can  be  taken  to  heart  by  many  others.  I  hope  that  the  influence  of 
this  example  will  bring  fruit  in  the  work  of  other  busy  men  who  have 
something  they  may  be  able   to  contribute. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review) : — It  is  not 
a  task  for  me  to  recall  pleasant  things  to  the  memory  of  Mr.  Berg. 
I  was  intimately  acquainted  with  him  for  many  years,  and  I  know  a 
great  deal  about  his  methods  of  work  and  what  he  did  for  the  cause 
of  engineering  education  when  associations  were  not  as  numerous  as 
they  are  to-day.  I  only  regret  that  I  did  not  come  with  some  prepara- 
tion for  these  eulogies,  inasmuch  as  the  remarks  that  are  being  made 
are  intended  to  be  formal  and  are  being  placed  on  record. 

There  is  one  thing  that  I  want  to  say  about  Mr.  Berg,  and  that 
is  that  he  started  out  in  engineering  practice  with  a  thorough  theoret- 
ical education.  He  graduated  from  an  engineering  institution  in  Ger- 
many, and  took  a  great  deal  of  what  would  ordinarily  be  called  post- 
graduate work.  He  then  returned  to  this  country  and  engaged  in 
engineering  work,  and  he  seemed  to  get  hold  of  practical  ideas  from 
the  start.  I  do  not  know  of  a  better  example  of  a  man  highly  edu- 
cated theoretically  who  could  at  the  same  time  be  thoroughly  prac- 
tical. It  seemed  that  he  was  continually  planning  how  to  make  use 
of   his    knowledge    in    practical    ways. 

He  once  told  me  how  he  got  up  that  well-known  book  of  his  on 
"Buildings    of    American    Railways;"    the    large    number    of    blueprints 
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which  he  carefully  studied  over  and  many  of  which  were  reproduced 
in  the  book.  He  was  a  great  worker,  trying  to  turn  to  useful  purpose 
many  matters  which  the  ordinary  engineer  would  regard  with  only 
passing  interest.  He  had  a  system  of  his  own  for  filing  such  informa- 
tion as  attracted  his  attention.  Being  an  omnivorous  reader  of  engi- 
neering literature,  not  only  in  English,  but  in  foreign  languages,  when- 
ever he  ran  across  something  that  he  thought  might  be  useful  in  time 
he  clipped  it  out,  and  he  had  a  series  of  boxes  set  aside  for  certain 
classes  of  articles,  and  would  place  the  clippings  in  these  boxes.  He 
considered    the    card    index    system    too    bothersome. 

I  think  one  important  source  from  which  Mr.  Berg  derived  benefit 
and  which  would  explain  much  of  the  development  of  his  usefulness 
as  an  engineer,  was  the  part  he  took  in  technical  associations.  He 
was  a  member  of  the  Roadmasters'  Association  for  many  years  and 
wrote  papers  for  it ;  he  was  a  prominent  member  of  the  Association 
of  Railway  Superintendents  of  Bridges  and  Buildings,  and  for  many 
years   edited  the  proceedings  of  that  association. 

There  was  another  characteristic  of  Mr.  Berg  which  is  admirable 
of  him — he  never  neglected  small  things ;  he  gave  attention  to  them 
as  well  as  to  the  larger  questions.  Those  of  us  who  have  observed  his 
methods  in  the  work  of  this  Association  can  testify  to  his  watchful 
care  over  the  discussions.  He  was  never  contented  to  see  a  matter 
pass  the  convention  unless  it  was  in  some  definite  shape  and  as  com- 
plete as  it  was  possible  to  have  it. 

Mr.  Berg  was  a  decided  gentleman,  and  a  man  with  a  warm  heart, 
always  ready  to  assist  a;iy  person  who  had  an  inquiry  to  make  of  him. 
His  obliging  and  genial  disposition  was  evident  at  all  times,  and  his 
conversation  was  agreeable  to  all  who  had  the  good  fortune  to  meet 
him.  Broad-minded  and  exceedingly  well-informed,  he  was  not  much 
concerned  about  reserve,  and  what  he  had  to  say  about  a  subject  was 
usually  frank  and  forceful.  His  habit  of  going  to  the  bottom  of 
questions,  and  his  readiness  to  impart  the  results  of  his  constant 
striving  for  knowledge,  without  ostentation  or  formality  of  address, 
were  unusual.  The  simplicity  of  the  man,  his  quiet  manners  and  the 
honesty  of  his  convictions  were  a  reinforcement  to  his  mental  strength. 
The  openness  of  his  mind  and  his  deliberate  methods  marked  him 
for  one  to  be  sought  in  counsel,  as  those  who  have  the  direction  of 
the  affairs  of  this  Association  well  know.  Mr.  Berg  was,  indeed,  a 
man  of  rare  mental  attainments,  and  the  excellence  of  his  character 
was  just  as  conspicuous   as   was   his  ability. 

The   President: — li   you    are   in    favor   of   the    terms   of    the    resolu- 
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ticn  as  Mr.  Johnston  has  proposed,  and  Mr.  Fritch  has  seconded,  being 
inscribed  on  the  Minutes  of  the  meeting  and  a  copy  transmitted  .  to 
Mr.  Berg's  family,  I  will  ask  you  to  rise. 

(The   resolution   was   unanimously  adopted   by   a   rising   vote.) 

The  President : — The  Board  of  Direction  of  the  Association  was 
doubly  bereaved  since  the  last  annual  convention.  On  the  second  day  fo 
January  of  this  year  we  had  to  face  the  loss  by  death  of  D.  D. 
Carothers.  In  all  the  departments  of  the  Association's  work  with 
which  Mr.  Carothers  had  been  connected,  he  showed  great  devotiori 
to  that  work — as  an  individual  member,  as  chairman  of  a  committee, 
and  as  a  member  of  the  Board.  We  are  sure  his  death  was  most 
keenly  felt  by  every  member  of  this  Association.  It  may  be  trusted 
that  a  similar  resolution  as  has  just  been  passed  in  connection  with 
the  death  of  Mr.  Berg  will  be  adopted  also  in  regard  to  the  late 
Mr.  Carothers. 

There  was  a  Committee  of  the  Association  appointed  to  prepare 
a  memorial,  and  such  memorial  is  in  your  hands.  The  Committee 
consisted  of  I.  G.  Rawn,  chairman ;  L.  C.  Fritch,  A.  W.  Thompson, 
J.    E.    Greiner,    Francis   Lee    Stuart    and    R.    N.    Begien. 

Mr.  L.  C.  Fritch  : — I  have  been  requested  by  the  chairman  of  tlic 
Committee,  Mr.  Rawn,  to  present  the  report  of  the  Committee.  Mr. 
Rawn  regrets  he  is  unable  to  be  present  personalty,  but  he  was  un- 
avoidably detained  and  asked  me  to  present  the  report-  for  him.  In 
that  connection  he  also  wanted  me  to  pay  tribute  to  Mr.  Carothers' 
memory  in  his  behalf.  There  is  probably  not  another  man  in  the 
railroad  world  who  was  more  closely  associated  with  Mr.  Carothers 
than  Mr.  Rawn.  Mr.  Rawn  was  General  Superintendent  of  the  Balti- 
more &  Southwestern  at  Cincinnati  when  Mr.  Carothers  was  Engineer 
of  Maintenance  of  Way.  They  were  almost  inseparably  associated  for 
twelve  years.  They  were  constantly  together  and  were  like  two 
brothers,  and  Mr.  Rawn  wanted  me  to  say  for  him  that  when  Mr. 
Carothers  was  called  away  he  felt  as  if  he  had  lost  a  member  of  hi.^ 
'ovvn  family,  and  desired  to  express  to  the  Association  his  deep  sense 
of   loss. 

The   President: — Mr.   Thompson,   will   you   say  a   few   words? 

Mr.  A.  W.  Thompson  (Baltimore  &  Ohio  Railroad)  : — While  I  most 
sincerely  welcome  every  opportunity  to  speak  of  the  love  and  honor 
in  which,  one  and  all,  we  hold  the  memory  of  our  former  Director 
and  friend,  the  late  Daniel  Dawson  Carothers,  it  is  with  some  re- 
luctance that  I  attempt  the  task  here  to-night.  Although  I  knew  Mr. 
Carothers    for    almost    ten    years,    and    was    intimately    associated    with 
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him  for  two  years  previous  to  his  death,  I  have  no  question  that 
there  are  other  members  of  this  Association  present  who,  having  been 
his  close  personal  friends  for  a  much  longer  period  than  I,  are  better 
qualified  to  tell  oi  his  many  strong  and  lovable  characteristics ;  so 
dominant  that  even  a  new  acquaintance  was  immediately  attracted  to 
him,  and  in  a  very  short  time  felt  that  he  had  been  a  lifelong  friend, 
while  those  of  even  slight  acquaintance  carried  away  from  his  presence 
a  lasting  remembrance  of  the   strong  impression  made  upon  them. 

A  man  of  striking  physique  and  noble  spirit,  always  having  an 
expression  of  happiness,  cheerfulness  and  welcome,  no  matter  under 
what  strain  of  duties  or  difficulties  he  was  laboring,  and  never  so 
busy  that  he  turned  away  any  man  with  a  curt  answer.  Eminently 
well-balanced,  conservative  and  remarkably  even-tempered,  he  weighed 
all  matters  carefully,  listening  with  attention  to  whatever  anyone  had 
to  say,  and  after  digesting  the  whole  question,  would  make  his 
decision  and  abide  thereby,  subsequently  bending  his  energy  toward 
accomplishing  the  results  desired,  and  his  successful  career  is  proof  of 
his  rare  good  judgment  and  unfailing  ability  to  well  forecast  the 
outcome. 

On  the  Baltimore  &  Ohio  Railroad  Mr.  Carothers  was  personally 
known  to  employes  from  the  President,  Directors  and  officers,  down 
through  the  rank  and  file,  and  also  by  many  of  the  leaders  in  the 
commercial  world,  with  whom  he  was  thrown  in  contact  while  con- 
ducting the  business  of  his  office.  From  all  he  received  the  respect 
and  admiration  so  deservedly  due  him  for  his  ability  and  common 
sense,  but  those  who  knew  him  best  and  longest  were  the  ones  who 
really  learned  his  truly  sterling  qualities  and  appreciated  them  the 
most. 

Leaders  to  take "  the  responsibility  of  a  final  decision  there  *mus* 
be,  but  outside  of  business  affairs  Mr.  Carothers  met  all  worthy  men 
as  social  equals,  never  carrying  with  him  a  false  dignity  of  position. 
He  brought  to  bear  noticeably  strong  traits  in  his  daily  work,  his 
manly  bearing  and  straightforward  actions  commanding  an  intuitive 
regard  from  all  coming  in  contact  with  hiin.  His  was  one  of  the 
rare  natures  which  could  indulge  in  an  intimacy  with  his  subordinates 
and  yet  inspire  their  unbounded  respect,  and  it  was  his  aim  to  gather 
around  him,  as  co-workers,  an  energetic,  clean  staff  of  men.  He  gave 
particular  attention  to  the  personnel  and  development  of  those  report- 
ing to  his  office,  and  it  afforded  him  the  keenest  delight  to  see  a 
young  man  expand  under  his  guidance  and  encouragement.  A  favorite 
comment   of  his,   often   made   concerning   railroad    work,    was    that    "the 
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great  leaders  in  the  railway  world  were  to  be  judged  by  the  men 
on  their  staffs  assisting  them."  Many  young  men,  some  of  whom 
are  well  known,  and  to-day  occupy  positions  of  responsibility,  owe 
their  success  in  a  large  measure  to  his  kindly  thoughtfulness  and 
advice. 

In  all  his  intercourse  with  his  assistants,  he  never  made  them 
feel  that  they  were  reporting  to  him  personally,  but  to  his  office, 
where  all  were  working  together  to  further  the  best  interests  of  the 
company.  A  big  man  in  every  sense  of  the  term,  he  freely  gave  aid 
and  assistance  to  the  young  men  from  the  great  storehouse  of  his 
varied  experience  and  information — of  which  he  seemed  to  have  an 
inexhaustible  store — and  in  him  was  realized  the  {ruth  of  the  adage, 
that   "men   grow   strong   upon    that   which    they   give   away." 

Mr.  Carothers  was  a  member  of  many  social  clubs,  as  well  as  a 
large  number  of  railroad  and  engineering  societies,  but  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association  always 
received  most  of  his  attention  and  thought,  he  being  at  all  times 
actively  alert  to  further  its  progress  and  make  it  a  powerful  factor 
in   securing  the   solution   of   railroad   problems. 

The  social  clubs  he  visited  Init  little,  giving  his  devotion  to  his 
home  and  to  her  who  bore  his  name,  this  lovable  trait  impelling 
frequent  and  admiring  appreciation  on  the  part  of  those  conversant 
with  the  beautiful  domestic  side  of  his  life. 

While  Daniel  Dawson  Carothers  wrought  out  so  enviable  a  posi- 
tion fbr  himself  in  the  railway  world  as  Chief  Engineer  of  the  Balti- 
more &  Ohio  Railroad,  had  made  that  office  a  greater  and  broader 
one  than  ever  before,  it  was  felt  by  all  that  his  career  was  relatively 
but  just  begun.  His  death,  as  we  all  can  most  sadly  testify,  was  a 
great  loss  to  the  engineering  world,  to  the  railroad  in  the  upbuilding 
of  which  he  had  spent  his  best  days,  and  is  a  deep  personal  one  to 
all  of  us  who  knew  him. 

In  making  these  remarks  it  is  in  no  wise  the  intention  to 
exaggerate  or  flatter,  but  rather  to  pay  just  tribute  to  a  truly  unusual 
man.  To  the  average  man  is  not  bestowed  the  ability  to  adequately 
express  his  emotions  on  such  occasions  as  this,  and  these  few  words 
in  loving  remembrance  of  Mr.  Carothers  seem  meager  and  to  fall 
short  of  what  we  would  wish.  Nothing,  I  feel,  could  be  more  apt 
in  closing  than  to  quote  the  conclusion  of  the  Memoir  published  by 
this   Association : 

"The    world    is    better   because   he    Hved. 
A  noble  spirit  has  gone  to  rest." 
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Mr.    President,   I    would   like  to  offer   the   following  resolution : 

"Whereas,  In  the  death  of  Daniel  Dawson  Carothcrs,  former 
Director,  Chairman  of  the  Committee  on  Rail  and  past-Chairman  of 
the  Committee  on  Uniform  Rules,  this  Association  has  lost  a  valued 
member,  a  wise  counselor  and  an  imtiring  worker;  his  connection  with 
the  Association  beginning  wiih  its  formation,  later  assisting  in  perfect- 
ing the  organization,  becoming  a  Charter  Member  and  devoting  much 
of  his  time  and  energies  to  the  work  of  the  Association,  throughout 
his  entire  connection  with  it,  and  extending  over  a  period  of  nearl}- 
ten  years;   therefore  be  it 

"Resolved,  That  this  Association,  ni  convention  assembled,  hereby 
expresses  its  appreciation  of  the  worth  of  Daniel  Dawson  Carothers 
as  a  member  and  officer  of  this  Association,  and  its  sincere  regret  for 
the  loss    occasioned   through  his   untimely  death;   be    it   further 

"Resolved,  That  the  Association  extend  to  the  wife  and  family  of 
our  deceased  member  its  deepest  sympathies,  and  that  the  sorrowing 
wife   be    notified   of   the   action    of    this    Association." 

Mr.  Earl  Stimson  (Baltimore  &  Ohio  Southwestern  Railroad)  : — 
I  would  like  to  second  that  resolution,  and  in  doing  so  wish  to  add  a 
few  words  of  tribute  to  Mr.  Carothers.  I  began  my  railroad  ex 
perience  about  fourteen  years  ago  with  IMr.  Carothers.  I  had  just 
come  out  of  college  and,  of  course,  was  new  to  the  work.  He  took 
a  kindly  interest  in  all  young  men  who  came  into  his  office,  as  well 
as  all  other  subordinates.  He  seemed  to  take  personal  pride  in  de- 
veloping them  and  starting  them  on  the  right  path.  I  know  that  I 
am  indebted  to  him  for  what  I  have  made  of  myself,  and  I  know 
that  there  are  a  great  many  other  men  who  owe  him  the  same  debt. 
He  seemed  to  draw  out  the  best  that  was  in  a  man.  He  reposed  con- 
fidence in  them  and  in  turn  '  the  men  gave  him  a  co-operation  and 
loyalty   thai    I   think   helped   him   largely   in   his    successful   work. 

Mr.  L.  C.  Fritch : — I  would  like  to  offer  my  personal  tribute  to 
Mr.  Carothers.  It  was  my  good  fortune  to  be  associated  with  him 
for  about  fifteen  years,  most  of  that  time  coming  into  almost  daily 
contact  with  him  ;  to  have  known  Mr.  Carothcrs  as  I  knew  him  was  to 
love  and  admire  him.  Mr.  Carothers  had  a  character  that  was  beyond 
reproach ;  he  had  a  disposition  such  that  I  think  it  can  be  truly  said 
of  him  that  he  had  no  enemies.  I  never  heard  anyone  speak  of 
him  excepting  in  the  liighest  terms.  He  was  a  man  who,  as  the 
tributes  given  before  bear  testimony,  had  the  confidence  of  the  men 
under  him  ;ind  those  above  him.  He  was  kind  and  considerate  to 
the  men  who  reported  to  him  and  he  was  a  man  of  courage  and 
had  the  strength  to  give  voice  to  his  convictions  to  his  superiors.     Mr. 


BUSINESS     SESSION.  29 

Carothers  took  an  especial  interest  in  this  Association.  I  renicniher 
distinctly  the  day  the  call  was  given  for  the  first  meeting  of  the 
preliminary  organization.  Mr.  Carothers  and  I  were  out  on  a  trip 
of  inspection  and  it  was  his  purpose  to  personally  attend  that  meeting, 
but  finding  that  he  could  not  go  he  asked  me  to  represent  the  road, 
which  I  did,  and  from  its  origin  ]\Ir.  Carothers  showed  a  deep  interest 
in  the  Association  and  its  affairs.  He  was  a  tireless  worker  in  com- 
mittee work,  and  when  he  entered  the  directory,  I  personally  know 
that  he  was  especially  delighted.  He  seemed  to  be  impressed  with 
the  dignity  and  the  honor  of  the  position  and  gave  it  more  than 
the  usual  attention.  I  think  we  have  sustained  in  our  Association,  as 
well    as   in   our   friendship,   a    loss    which   cannot   be    replaced. 

The   President : — Mr.   Greiner,   we   will  be  glad   to   hear  from  you. 

Mr.  J.  E.  Greiner  (Baltimore  &  Ohio  Railroad)  :— Mr.  President, 
I  was  closely  associated  with  Mr.  Carothers  during  the  past  five  years 
of  his  life,  not  only  as  one  of  his  staff,  but  as  a  friend.  During  that 
time  I  never  knew  him  to  say  an  unkind  word,  to  show  the  least 
ill-feeling  or  in  any  way  reprimand  a  subordinate  unjustly.  Plis  oflfice 
was  always  open  to  not  only  his  assistants,  those  who  had  railroad 
matters  to  discuss  with  him,  but  to  the  most  humble  person  on  the 
road  who  wished  to  obtain  his  advice  on  some  personal  matters,  or 
to  a  supply  salesman  who  would  take  up  his  time  without  any  special 
benefit  to  Mr.  Carothers  and  for  the  sole  benefit  of  the  salesman.  He 
would  greet  them  all  with  the  same  kindly  smile  and  make  them  all  feel 
welcome.  His  personality  was  very  strong,  and,  in  fact,  it  is  still  felt 
in  his  office.  When  any  of  his  old  staff  go  into  his  office  at  the 
present  time  there  is  a  feeling  that,  while  he  is  not  apparently  there, 
that  he  will  be  there  soon.  This  is  simply  an  attempt  on  my  part 
to  describe  a  character  which  is  really  so  strong  that  words  can  hardly 
do  justice  to  him.  He  was  a  man  who  took  the  greatest  interest 
in  young  engineers.  He  was  a  friend  of  every  young  man  who 
intended  to  make  something  of  his  life.  He  went  out  of  his  way  to 
help  them,  not  only  with  advice  and  encouragement,  but  in  every 
way  that  a  friend  could  help  a  friend.  He  was  regarded  by  all  those 
who  were  associated  with  him  as  not  merely  a  co-worker  or  a  superior 
officer,  but  as  a  close  and  warm  friend.  Those  on  the  Baltimore  & 
Ohio  who  were  associated  with  him  felt  that  the  road  lost  a  truly 
great   Chief   Engineer,   one    worthy   in   every    respect    of   his    position. 

Mr.  A.  M.  Kinsman  (Baltimore  &  Ohio  Railroad): — I  had  known 
Mr.  Carothers  for  ten  years.  For  the  past  five  years  I  was  intimately 
connected   with  him,   and  during  that   time  it  was  a  pleasure   to   report 
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to  him.  I  loved  the  man  and  respected  him  the  strongest  possible  way. 
1  considered  him  a  broad-minded  man,  of  a  lovable  nature,  and  a 
thorough  gentleman  of  the  highest  type,  and  if  there  were  any  words 
in  the  English  language  that  would  permit  me  to  express  my  feelings 
more  forcibly  than  these  gentlemen  have  expressed  theirs  to-night,  I 
would   use  them. 

iMr.  G.  W.  Andrews  (Baltimore  &  Ohio  Railroad)  : — It  was  my 
good  fortune  to  have  possessed  the  friendship  of  D.  D.  Carothers,  an 
incident  in  my  life  that  shall  remain  vivid  to  the  last  moment  of 
consciousness  in  this  world.  To  have  known  Mr.  Carothers,  as  a  man, 
could  but  have  the  tendency  to  make  one  a  greater  lover  of  his  fel- 
lowmen.  To  know  him  was  to  feci  that  there  was  a  friend  to  ap- 
proach   in    the   hour   of    trouble. 

It  is,  of  course,  a  fact  that  all  of  us  feel  at  times  that  to  have 
someone  in  whom  we  can  confide  will  relieve  distress  of  mind  and 
conscience.  Such  a  man  was  he,  and  many  of  his  subordinates  fell 
into  errors  and  approached  him,  not  with  diffidence  or  fear,  but  with 
the  confidence  that  if  there  was  the  least  justification  for  leniency, 
they  were  sure  to  receive  it ;  not  only  leniency,  but  help  in  remedy- 
ing the  trouble ;  firm  when  necessity  required  it,  yet  always  gentle  in 
enforcing   his   will. 

In  my  intercourse  with  him  I  was  always  deeply  impressed  with 
his  love  for  his  fellowmen,  especially  those  subordinate  to  him  u\ 
the  service,  which  was  so  much  a  part  of  his  life.  In  later  years 
tliis  seemed -to  increase,  and  I  always  thouglit  that  Ncsbit  must  have 
had  him  in  mind  when  he  wrote  the  second  stanza  of  his  poem,  "The 
Value  of  a   Smile:" 

"Tlie  smile  tliat  bubbles  fioni  a  hoarl  that   loves  his  fellowmen, 
Will  drive  away  the  cIdikIs  of  slooiii  and  coax  the  sun  again." 

On  entering  his  presence,  even  in  the  moments  of  his  greatest 
suffering,  we  were  always  greeted  with  a  kind  and  genial  smile,  a 
smile  that  truly  came  from  a  heart  free  from  guile  and  always  filled 
with  love  for  his  fellowmen;  a  heart  strengthened  by  a  soul  always 
strong  to  do  good,  ever  watchful  of  the  interest  of  his  employers, 
yet  with  an  eye  for  the  general  welfare  of  the  faithful  subordinates. 
.\n  all-wise  Providence  sees  fit  at  times  to  place  in  the  various 
walks  of  life  some  one  spirit  to  assist  his  fellowmen  in  bearing  the 
harsh  shocks  of  the  world,  and  at  the  moment  we  need  him  the  most, 
removes  him  from  our  midst,  but,  though  he  is  taken,  the  strength 
of  his  character  leaves  an  impression  for  good  that  is  never  eliminated, 
and    we    feci    rich    for   having   been   permitted    to   come    in    contact    with 


BUSINESS     SESSION.  31 

such  a  spirit,  and  such  a  one  do  we  feel  was  the  noble  spirit  that 
has  so  suddenly  been  taken  from  our  midst,  and  feeling  this,  it  is 
with   love   and   reverence   that   I    say   "Farewell,   great   and   noble   spirit." 

The  President : — Before  asking  the  Association  for  an  expression 
on  this  resolution,  it  would  be  fitting  and  proper  to  hear  from 
some  member  of  the  Rail  Committee,  the  Committee  with  which  Mr. 
Carothers  was  so  intimately  connected  as  chairman.  I  will  ask  Mr. 
Cushing   to    say   a    word    or   two. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — All  that  I  could  say 
would  be  mere  repetition  of  what  has  already  been  said.  I  would 
simply  say  that  I  had  learned  in  my  short  acquaintance  with  Mr. 
Carothers  to  have  a  strong  degree  of  affection,  admiration  and  respect 
for  him. 

The  President : — Gentlemen,  you  have  heard  this  resolution  pro- 
posed by  Mr.  Thompson,  anti  seconded  by  Mr.  Stimson,  and  in  like 
manner  therefore  to  the  previous  resolution,  will  you  show  your 
approval   of  it  by  a   rising  vote. 

(The    resolution    was    adopted    unanimously    by   a    rising   vote.) 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie  Railroad)  : — I  move 
that  the  memorial  of  Mr.  Berg  that  was  printed  and  distributed  last 
summer  be  printed  as  a  part  of  the  proceedings  of  this  meeting  along 
with  the  tributes  that  were  given  this   evening. 

(iMotion  carried.) 

Mr.  L.  C.  Fritch : — I  would  ask  a  similar  resolution  with  respect 
to    Mr.    Carothers'    memorial. 

(Motion   carried.) 

The  President:- — The  report  of  the  Committee  on  Track,  of  which 
Mr.  L.  S.  Rose,  of  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Rail- 
way,  is   chairman,   will   now   be   taken   up. 

(See   report,   pp.    397-450;    discussion,   pp.   451-488.) 

I  will  ask  the  approval  of  the  meeting  that  llie  Vice-President 
take   the   chair   for   the   remainder   of   the    evening. 

(Vice-President    Snow   in    the   chair.) 

WEDNESDAY,  MARCH   17,   1909. 

MORNING  SESSION. 
The  President: — The  chair  would  ask  the  unanimous  consent  to 
vary  from  the  program  and  have  the  result  of  the  balloting  for 
officers  for  the  year  1909  announced  at  the  close  of  the  morning 
session.  The  chair  would  therefore  appoint  as  tellers  K.  J.  C.  Zinck, 
C.    W.    Johns    and    Earl    Stimson.     The    Secretary    will    turn    the    ballots 
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over  to  them  and  they  can  retire  to  the  anteroom  and  present  the 
result  before  the  morning  session  closes.  The  first  committee  to  report 
this    morning    is    the    Committee    on    Ties. 

(Sec    report,    pp.   489-520;    discussion,    pp.    521-532.) 
The    President : — 'J'he    next    report    to   he    considered    is    that    of    the 
Committee  on  Wooden   Bridges  and  Trestles.   Prof.   Henry   S.  Jacohy,  of 
Cornell    University,    chairman. 

(See   report,   pp.   533-597;   discussion,   pp.   598-614.) 
The    President; — We    will    now    take    up    the    report    of    the    Com- 
mittee   on    Wood    Preservation,    Mr.    A.    L.    Kuehn,    of    the    Cleveland, 
Cincinnati,    Chicago   &    St.    Louis    Railway,    chairman. 
(See   report,   pp.   615-668;    discussion,    pp.   669-676.) 
The    President: — At    the    opening    of    the    session    this    morning,    the 
chair   asked   unanimous    consent    to   vary    from    the    usual    program    and 
announce    the    result    of    the    ballot    for   officers    before    the    noon    recess 
to-day.     The   tellers   arc   ready   to   make   their   report,   and   the    Secretary 
will  announce  the   result  of  the  election    for   officers   for   the  year    1909. 
The    Secretary: — The    tellers    appointed    to    canvass    the    votes    for 
officers   report  as   follows : 

Votes. 

Total    number    of   votes    cast 395 

For    President,    William    McNab 395 

For  Second  Vice-President,  W.   C.   Cushing 394 

For   Secretary,   E.   H.    Fritch 395 

For   Treasurer,    W.    S.    Dawley 395 

For  two  Directors    (three  years  each)  : 

A.    H.    Rudd 391 

A.   W.   Thompson 382 

A.   J.    Himes 

E.    B.    Cushing 

W.    B.    Storey,   Jr 

A.    S.    Baldwin 

D.    W.    Lum 

S.    B.    Fisher 

A.   M.   Kinsman 

C.    A.    Wilson 

J.    R.    Worcester 

M.    L.   Byers 

J.    W.    Ken'drick 

J.    H.    Berry 

1 ..    R.    Clausen 
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The    officers    elected    are    as    follows: 

President,    William    McNab. 

Second   Vice-President,   W.    C.    Gushing. 

Secretary,   E.   H.   Fritch. 

Treasurer,  W.   S.   Dawley. 

Two  Directors,   A.   H.   Rudd,   A.   W.  Thompson. 

AFTERNOON    SESSION. 

The  President:— We  will  now  take  up  the  report  of  the  Com- 
mittee on  Ballasting,  Mr.  John  V.  Hanna,  of  the  Kansas  City  Ter- 
minal Railway,   chairman. 

(See   report,  pp.   677-720;    discussion,    pp.   721-730.) 

The  President :— The  report  of  the  Committee  of  Water  Service 
will  now  be  considered.  Mr.  C.  L.  Ransom,  of  the  Chicago  &  North- 
western  Railway,   is   the   chairman. 

(See    report,    pp.    731-809;    discussion,    810-824.) 

The  President :— Mr.  H.  R.  Safford,  of  the  Illinois  Central  Rail- 
road, chairman  of  the  Committee  on  Records,  Reports  and  Accounts, 
will   present  the   report   of   the   Committee. 

(See   report,   pp.  825-869;   discussion,   pp.   870-874.) 

THURSDAY,  MARCH  18,   I9C9. 

MORNING    SESSION. 

The  President:— The  chair  will  ask  unanimous  consent  of  the 
convention  to  allow  Professor  Jacoby,  chairman  of  the  Committee  on 
Wooden   Bridges  and  Trestles,   to  occupy   a   few   minutes  of  your  time. 

(See    statement,    p.    614.) 

The  President :— The  first  report  to  be  considered  this  morning 
is  that  of  the  Committee  on  Signs,  Fences,  Crossings  and  Cattle-Guards, 
Mr.    W.    D.    Williams,    of    the    Cincinnati    Northern    Railroad,    chairman. 

(See   report,   pp.   875-909;   discussion,   pp.   910-917.) 

The  President:— We  will  now  lake  up  the  report  of  the  Committee 
on  Roadway,  Mr.  Geo.  H.  Bremner,  of  the  Chicago,  Burlington  & 
Quincy    Railroad,    chairman. 

(See    report,   pp.   919-1096;    discussion,   pp.    1097- 1 106.) 

The  President :— The  Chair  will  call  for  the  report  of  the  Com- 
mittee on  Buildings,  Mr.  O.  P.  Chamberlain,  of  the  Chicago  &  Illinois 
Western    Railroad,    chairman. 

(See    report,    pp.    1107-1128;    discussion,    pp.    1129-1140.) 

The  President:— It  has  been  suggested  that  the  convention  adjourn 
at    the    present    time    to    meet    agam    at    2    o'clock.     There    has    been    a 
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record    atteiulaiicc    tlins    far    at    tliis    cnnvontion.     Up    to    this    niornini? 
360   iiicnibcrs    liavc    registered. 

AFTERNOON    SESSION. 

(Vice-President   Snow   in  the  chair.) 

The  Vice-President: — The  Committee  on  Iron  and  Steel  Struc- 
tnrcs  will  please  present  iluir  report.  Mr.  J.  E.  Greincr,  of  the 
Raltimore    &    Ohio    Railroad,    is    chairman. 

•    (.See    report.    ])p.    1141-iUx):    discussion,    ii]).    1161-1166.) 

Tiic  Vice-President: — The  C(  nimittee  on  Uniform  General  Con- 
tract Forms  will  now  present  their  report.  In  the  absence  of  the 
chairman,  the  vice-chairman,  Mr.  E.  F.  Ackerman,  of  the  Lehigh 
Valley   Railroad,   will   present   the   report. 

(See    report,    pp.    1 167-1303;    discussion,    ])p.    1304-1309.) 

(Presideiit    McNab    in    the    chair.) 

The  President: — The  Committee  on  Masonry  will  present  their 
report.  In  the  absence  of  the  chairman,  the  vice-chairman,  Mr.  \\  .  U. 
Petersen,  of  tlic  Chicago,  Rock  Island  &  Pacific  Railroad,  will  present 
the   report. 

(See    report,    pp.    1311-1414;    discussic  n,    ])\).    1413-1430.) 

The  President: — The  report  of  the  Committee  on  Economics  of 
Railway  Location  will  now  be  taken  up.  This  will  be  simply  in  the 
nature  of  a  progress  report.  Mr.  W.  B.  Storey.  Jr.,  of  the  Santa  Fe 
Railway   System,  is  the  chairman. 

Mr.  W.  B.  Storey  (Atchison,  Topcka  &  Santa  Fe  Railway  Sys- 
tem) : — -As  I  understand  it,  the  rules  of  the  .Association  require  a 
report  to  be  printed,  and  no  report  having  been  printed  there  is 
practically  nothing  to  be  said  before  the  Association  at  this  meeting. 
There  has  been  no  meeting  of  the  Committee  during  tlie  year.  The* 
jnembership  is  scattered  throughout  the  United  Stales,  and  it  has 
not  been  possible  to  get  them  to  meet  and  nothing  has  been  accom- 
plished  which   can   be   reported   to  this   .Association. 

The  President: — The  chair  will  ask  Mr.  R.  D.  Coombs,  as  a 
representative  of  the  Conunittee  on  Electricity,  to  make  a  progress 
report. 

Mr.  R.  D.  Coombs  (Pennsylv.mia  Tunnel  &-  Terminal  Company)  : — 
The  Committee  on  Electricity,  which,  with  two  exceptions,  is  the 
Special  Advisory  Committee  apiiointed  by  the  Board  of  Direction  to 
report  upon  the  i^ropriety  of  establishing  a  standing  committee,  held 
two  ineetings  as  an  .Advisory  Committee  and  outlined  a  certain  por- 
fiiin    of    the    work.     The    Conuniltee    h;is    recently    been    a])pointed    as    a 
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Standing   Conmiitteo,   but   has    not   been    able   to   meet    since    its   appoint- 
ment.    Tlie   Ccmniittee  is  now   organizing  to  take   up   ihe   work  oulbned. 
Mr.    L.    C.    Fritch    (Illinois    Central   Raih'oad)  :— I    offer    the    follow- 
ing   resolution : 

"Rcsohi'd.  By  the  members  of  ihc  American  Railway  Engineering 
and  Maintenance  of  Way  Association,  in  convention  assembled,  that 
we  desire  to  express  our  appreciation  of  the  courteous  invitation  ex- 
tended by  the  Illinois  St.eel  Company  and  the  Universal  Portland 
Cement  Company  to  visit  the  Gary  and  Bufifington  plants  on  Friday, 
IMarch    19,    1909." 

(The   resolution   was   unanimously    adopted.) 

Mr.  L.  S.  Rose  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Rail- 
way) : — I    offer   the   following    resolution  : 

''Where.\s,  Our  efficient  Secretary,  Mr.  E.  H.  Fritch,  has  handled 
the  duties  incident  to  his  position  in  a  very  satisfactory  manner  and 
particularly  has  labored  long  and  faithfully  to  get  the  difficult  w^ork 
of  publishing  the  reports  of  the  various  committees  into  proper  shape 
and  have  them  distributed  in  due  season  to  the  members  of  the  Asso- 
ciation ;   now,   therefore   be   it 

"Resolved.  That  the  Association  appreciates  the  splendid  scrvict 
which  Mr.  'Fritch  has  rendered  in  filling  the  arduous  duties  of  his 
position  and -that  a  vote  of  thanks  be  tendered  him  by  the  Association 
at   this    time." 

(The    resolution    was   unanimously    adopted.) 

M'r.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie  Railroad)  : — I  move 
the    adoption   of   a    resolution    to    this    effect : 

"Resolved,  That  this  Association  appreciates  the  educational  value 
of  the  -exhibit  of  railway  appliances  at  the  Coliseum,  and  the  high 
standard    upon    which    the    exhibiiion    was    organized    and    conducted." 

iMr.    L.    C.    Fritch : — I    offer    the    following    resolution : 

"Resolved,  That  this  Association,  through  its  President,  extends 
to  the  Hon.  George  W.  Ross  its  appreciation  of  the  admirable  address 
given   at   the   banquet   on    Wednesday    evening." 

The   President: — If  there  is   no   further   business,   the   Tenth    Annual 

Convention   will   be    declared   closed. 


Co^^^JUjj:r~:^.     /^^-^^---^ 
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(Udlter  6ilmdn  Berg 

A   Memoir. 

Walter  Oilman  Berg,  the  sixth  President  of  the  American  Railway 
Engineering  and  Maintenance  of  Way  Association,  died  suddenly  at 
New   York,   May    12,    1908. 

He  was  born  on  January  12,  1858.  On  his  paternal  side  he  was 
descended  from  Franc  D'Angelo,  of  a  distinguished  Italian  family, 
which  settled  in  Germany  in  the  eighteenth  century.  D'Angelo,  who, 
though  in  mercantile  life,  devoted  mucli  of  his  time  to  the  gratification 
of  artistic  tastes,  and,  as  a  contemporary  of  Goethe,  made  his  home 
at  Frankfort-on-the-Main,  the  center  of  an  artistic  and  musical  coterie. 
Mr.  Berg's  father,  Professor  Albert  W.  Berg,  was  born  at  Frankfort- 
on-the-Main,  but  received  his  education  in  France,  and  though  German 
by  name,  was  essentially  French  in  character.  When  quite  young,  after 
his  parents  had  removed  to  America,  he  evinced  a  decided  musical 
talent,  and  was  sent  to  Paris  to  complete  his  education.  On  his  return 
he  commenced  a  career  as  a  teacher  of  music  and  a  composer,  which 
brought  tO'  him  an  artistic  reputation  of  the  highest  order,  ending  only 
at  his  death  in  igo6.  Professor  Berg  was  married  on  July  7,  1853,  to 
Miss  Helen  McGregor  Morse,  who  was  descended  from  English  Puritan 
ancestry;  it  is  worthy  of  note  that  Yale  College  was  founded  in  the 
house  of  her  great-great-grandfather.  Rev.  Samuel  Russell,  a  prominent 
man  of  his  time.  She  was  born  in  Hanover,  N.  H.,  the  seat  of  Dart- 
mouth College.  She  inherited  an  inclination  to  intellectual  work,  and 
her   environment   assisted   in   developing   it. 

Walter  G.  Berg  thus  came  natural!}-  by  inheritance  to  intellectual 
qualities  which  permeated  his  whole  life.  As  a  child,  at  birth,  he  was 
very  frail,  and  only  by  constant  care  developed  a  physique  which,  though 
slender,  permitted  great  activity  even  in  his  nursery  days.  Even  at  that 
early  period  there  were  marked  indications  of  that  pertinacity  of  purpose 
which  actuated  his  whole  life.  At  a  very  early  age  he  gave  evidence 
of  rare  musical  ability,  and  all  through  manhood,  while  professional 
duties  kept  music  in  abeyance,  his  facility  of  reading  at  sight  and  natural 
aptitude  was  such  that  he  could  perform  creditably  upon  the  organ 
or  piano,  even  though  he  had  not  touched  the  instrument  for  many 
months. 

During  his  early  studies  his  exceeding  vivaciousness  often  led  him 
into  trouble,  but  he  always  came  out  ahead,  and  perseveringly  reached 
the  .goal. 


Prepared  by  A.  W.  Johnston,  Howard    G.    Kelley,    Hunter   McDonald,    W. 
G.   Besler,   W.   D.    Pence. 
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At  nine  years  ol  age  he  was  taken  to  liuropc  and  began  a  course  of 
education  which  lasted  thirteen  years.  The  system  of  recreation  in 
vogue  at  the  schools  wliich  he  attended  appealed  to  him,  and  he  entered 
heartily  into  the  various  si)()r(s.  He  was  wont  to  take,  at  first  with  his 
tutors,  and  later  alone,  long  foot  tours  covering  Germany,  Austria, 
Switzerland,  Italy  and  France.  His  bodily  strength  was  thus  developed, 
and  his  keen  powers  of  observation  added  greatly  to  a  high  degree  of 
culture.  His  whole  university  career  was  marked  by  eminence  in  schol- 
arship, which  was  crowned  by  the  award  of  the  gold  medal,  offered  by 
the  King  of  Wurtcmberg  for  a  treatise  on  spherical  conic  sections.  The 
award  of  this  prize  was  accompanied  by  the  testimonj'  of  the  committee 
that  not  only  the  accuracy  of  folio  drawing  showed  superior  skill,  but 
the  accompanying  thesis  evinced  unusual  acquaintance  with  mathematical 
literature.  Congratulations  were  showered  upon  him,  and  the  Polytechnic 
Institute  at  Stuttgart  awarded  him  a  scholarship,  and  tendered  him 
employment  on  government  surveys  and  other  marks  of  distinction. 

Returning  to  this  country,  he  entered  railw.iy  service  in  1879  as 
Office  Assistant  and  Shop  Inspector  of  Railroad  Bridges  of  the  Dele- 
ware  Bridge  Company,  and  in  1880  entered  the  employ  of  the  Engineer- 
ing Department  of  the  Richmond  &  Allegheny  Railroad,  serving  as 
Bridge  Inspector,  Engineer  of  Bridges  and  Buildings  and  Engineer  in 
Charge.  In  1882  he  entered  the  service  of  the  East  Tennessee,  Vir- 
ginia  &   Georgia    Railroad   as   Principal   Assistant   Engineer. 

In  January,  1883,  he  entered  the  service  of  the  Lehigh  Valley  Railroad 
Company  as  Assistant  Engineer,  in  charge  of  the  design  and  construc- 
tion of  shop  buildings  and  roundhouses,  preliminary  surveys,  location 
and  construction  of  branch  lines,  and  in  charge  of  Chief  Engineer's  office. 

In  1886  (Mr.  Berg  designed  and  constructed  the  Lehigh  Valley  Creo- 
soting  Plant  at  Perth  Amboy,  and  was  given  entjre  charge  of  the 
operation  of  the  plant,  in  addition  to  his  duties  as  Assistant  Engineer. 
This  plant  was  among  the  earliest  of  the  kind  to  be  operated  by  an 
American  railroad.  The  plant  was  abandoned  some  vears  later,  but 
Mr.  Berg,  through  his  studious  habits,,  became  an  authority  on  the 
crcosoting  process. 

On  November  i,  1887,  he  was  appointed  Principal  Assistant  Engi- 
neer, with  office  at  Jersey  City,  for  the  extension  of  the  Lehigh  Valley 
Lines  ca'^t  of  South  Plainfield  and  the  development  of  its  water-front 
properties.  In  this  capacity  he  constructed  the  double-track  road  from 
South  Plainfield  to  the  Jersey  City  Terminal,  and  designed  and  con- 
structed the  first  piers  now  in  use  at  the  latter  point.  This  latter  work 
was  a  sample  of  his  originality  in  design,  especially  the  pier  layout,  by 
means  of  which  a  large  amount  of  slip  room  was  procured  in  the  face 
of  limited  width  of  water-front,  the  piers  being  placed  on  an  angle. 

On  December  i.  1898,  he  was  made  Engineer  Maintenance  of  Way 
of  the  Lehigh  Valley  Railroad,  at  South  Bethlehem,  and  a  few  months 
later  was  given  charge  of  both  Engineering  and  Maintenance  of  Way 
Departments. 
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On  February  i,  1900,  he  was  made  Chief  Engineer  of  the  Lehigh 
V^alley  Railroad,  in  charge  of  construction,  which  position  he  held 
at   the   time   of  his   death. 

As  Chief  Engineer,  he  designed  and  constructed  the  large  railway 
shop  system  at  Sayre,  Pa.,  including  a  large  reservoir  system  used 
in  connection  with  the  same,  in  which  work  several  phases  of  his 
individuality  and  constructive  ingenuity  are  evident;  he  also  made 
elaborate  studies  for  elimination  of  grade  crossings  through  the  various 
cities;  made  exhaustive  studies  for  present  and  future  harbor  improve- 
ments at  Buffalo  and  New  York,  involving  the  solution  of  difficult 
problems ;  made  studies  and  designs  for  large  terminal  yards,  not  only 
covering  the  present  needs  of  actual  service,  but  looking  toward  the 
future,   which   plans   are^  now   being   followed   in   actual   construction. 

The  achievements  and  brilliancy  of  Mr.  Berg's  career  in  the  engi- 
neering profession  conformed  with  the  record  he  made  while  a  student 
at  college,  where  his  adaptability,  studious  habits  and  exceptional  in- 
tellect were  evidenced  by  his  having  proof-read  German  publications, 
instructed    in    mathematics,    and    by    his    high    scholarship. 

Mr.  Berg  had  the  unusual  combination  of  executive  ability  and 
breadth  of  view  with  faculty  of  closest  attention  to  details,  working 
out  with  his  subordinates  the  minutest  detail  of  any  design.  He  also 
possessed  a  wonderfully  analytical  mind,  and  always  analyzed  a  subject 
exhaustively   before    reaching   a   conclusion    or    reporting   on   the    same. 

By  reason  of  his  remarkable  industry,  analytical  mind  and  engi- 
neering ability,  he  was  frequently  engaged  with  one  matter  or  another 
outside  of  his  regular  vocation,  and  was  often  called  upon  by  other 
companies  and  individuals  to  pass  upon  plans  and  give  advice  and 
otherwise    act    in    a    consulting   capacity. 

One  of  his  novel  achievements  as  a  Consulting  Engineer  was  the 
construction  of  the  freight  yard  of  the  Harlem  Transfer  Company  in 
the  Bronx,  New  York  City,  whereby  a  small,  ill-shaped  piece  of  city 
property  was  economically  developed  by  means  of  a  circular  freight 
house  and  circular  tracks,  the  idea  originating  with  Mr.  Berg.  This 
design  proved  highly  successful  and  has  since  been  used  by  the  Lehigh 
Valley  at  its  One  Hundred  and  Fort.v-ninth  Street  Terminal,  New 
York   City. 

Mr.  Berg's  career  has  been  suddenly  closed,  Init  few  men  during 
fourscore  years  or  more,  in  similar  walks  of  life,  have  accomplished 
so  much  as  he  in  his  comparatively  short  career.  The  inherited  influ- 
ences which  tended  to  develop  his  peculiar  traits,  and  undoubtedly  his 
rare  genius  in  exact  sciences,  came  from  the  substantial  English  ancestry, 
but   his   fine   artistic   tastes   came   from   the   foreign    strain. 

He  was  by  nature  kindly  and  genial,  inspiring  the  respect  of  all 
with  whom  he  came  in  contact,  and  courteous  in  his  bearing  always. 
While  he  stood  upon  an  eminence  professionally  reached  by  but  a 
select  few,  he  will  be  missed  not  alone  by  those  of  equal  or  similar 
attainments,   but    more    especially    by    those    among    the    lower    ranks    of 
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the  profession,  to  whom  he  was  ever  ready  to  extend  a  willing  hand, 
give  wise  counsel  and  assistance  in  reaching  a  higher  plane  of  useful- 
ness, and  this  was  true  as  well  in  his  relation  to  those  with  whom  he 
worked  and  walked  in  his  daily  life,  outside  the  sphere  of  professional 
activities. 

He  was  loyal  to  obligations  and  responsibilities  assumed  in  the 
work  of  the  several  scientific  and  professional  organizations  to  which 
he  belonged,  in  all  of  which  he  became  an  effective  force  and  leader. 
His  habit  of  mind,  his  industry,  his  sound  judgment,  and  his  practical 
conclusions  on  all  topics  submitted  to  his  analysis,  made  him  an  inval- 
uable   addition    to    the   working   force    in    any    organization. 

He  was  an  author  of  note,  and  was  a  frequent  contributor  to  the 
engineering  magazines.  Among  the  publications  which  stand  as  monu- 
ments of  his  discriminating,  practical  sense,  as  well  as  of  his  literary 
talent,  are  his  voluminous  work  on  "Buildings  and  Structures  of 
American  Railroads,"  issued  in  1892,  and  still  standing  as  the  single 
comprehensive  work  in  its  special  field,  and  a  treatise  on  "Railway 
Shop  Systems,"  published  in  1904.  He  also  compiled  from  the  Pro- 
.  ceedings  of  the  Association  of  Railway  Superintendents  of  Bridges 
and  Buildings,  a  book  on  "Bridges  and  Buildings  of  American  Rail- 
roads," and  from  other  sources  he  gathered  data  for  a  work  published 
under  the  title  of  "Berg's  Timber  Tests."  His  paper  on  "Education 
of  Railroad  iMen  for  Subordinate  Positions  of  Responsibility,"  written 
for  the  New  England  Roadmasters'  Association,  in  the  year  1900, 
and  his  paper  entitled  "Classification  of  Maintenance  of  Way  Accounts," 
which  was  published  in  the  fifth  volume  of  Proceedings  of  the  Ameri- 
can Railway  Engineering  and  Maintenance  of  Wa}'  Association,  as 
well  as  others  which  might  be  mentioned,  are  of  lasting  value.  While 
an  officer  of  the  Association  of  Railway  Superintendents  of  Bridges 
and  Buildings  he  personally  edited  the  stenographic  reports  of  dis- 
cussions for  the  Proceedings  of  that  Association,  and  the  excellent 
form  and  (Condition  of  those  records  are  due  largely  to  his  labor 
and    judgment. 

Mr.  Berg  became  a  member  of  the  American  Radway  Engineer- 
ing and  Maintenance  of  Way  Association  on  July  i,  1899,  being  one 
of  the  charter  mcmliers.  He  became  the  first  Chairman  of  the 
Committee  on  Buildings,  and  the  report  published  in  Volume  i  of 
the  Proceedings  was  prepared  by  him,  and  that  report  indicates  his 
grasp  of  the  underlying  principles  which  appealed  to  him  as  the 
groundwork  for  committee  organization.  In  that  report  he  inculcated 
the  principle  of  mdividual  efifort  and  individual  initiative  in  committee 
work,  and  it  was  practically  the  forecast  of  methods  since  pursued 
in  carrying  on  the  work  of  the  standing  committees.  The  following 
extract    is    worthy    of    place    here : 

"Each  member  should  be  asked  for  his  preference  in  the  choice 
of  subjects,  giving  first,  second  and  third  choice.  The  assignment 
of    subjects    could    then    be    made    with    reasonable    certainty    that    each 
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subject  would  be  handled  by  an  expert,  or  at  least  the  work  be  one 
of  pleasure,  with  corresponding  profitable  results  to  the  Association 
at  large.  As  the  general  principle  underlying  the  Association's  work 
is  the  collecting,  classifying,  systematizing  and  disseminating  of  engi- 
neering information  connected  with  railroad  work,  and  not  the  aim 
lo  create  official  standards  sanctioned  by  official  representative  votes, 
the  work  will  be  largely  dependent  upon  the  enthusiasm  displayed 
by  the  individual  members  of  the  Committee,  more  particularly  the 
sub-chairmen.  Success  will  be  proportionate  to  the  care  shown  in 
the    choice    of    the    proper    men    to    handle    the    various    subjects." 

Mr.  Berg  was  made  Vice-Chairman  of  the  Committee  on  Records, 
Reports  and  Accounts,  at  the  fourth  annual  meeting  in  1903,  and 
rendered  eflficient  work  in  that  position.  He  was  elected  a  Director 
in  (March,  1904.  At  the  fourth  annual  meeting  in  1903,  Mr.  Berg 
made  the  first  specific  suggestion  regarding  the  compilation  of  con- 
clusions of  the  several  standing  committees,  and  of  the  definitions 
adopted  by  the  Association  in  proper  form  for  publication,  as  the 
recommended  practice  of  the  Association.  He  became  an  active  mem- 
ber of  the  Publication  Committee  of  the  Board  of  Direction,  and 
took  special  interest  in  the  preparation  of  the  data  which  had  ac- 
cumulated in  the  form  of  definitions,  specifications  and  principles 
of  practice ;  the  subsequent  issue  of  the  Manual,  in  the  admirable  form 
we  find  it,  was  very  largely  due  to  his  special  care  and  to  his  genius 
in  editing  and  compiling  matter  which  it  contains.  His  conscientious 
thoroughness  in  the  preparation  of  plans,  reports  and  all  matters  for 
which  he  assumed  to  be  responsible,  was  manifested  in  all  the  work 
performed  by  him  as  a  member  and  officer  of  the  Maintenance  of  Way 
Association. 

His  remarks  at  the  closing  session  of  the  ninth  annual  meeting 
reflect  with  great  clearness  his  theory  of  the  organization,  of  which 
he  had  just  been  made  the  executive  head,  and  indicated  at  once  his 
modesty  in  the  assumption  of  important  duties,  and  his  generosity  in 
his  conceptions  of  his  relation  to  those  associated  with  him.  The 
closing  hours  of  the  ninth  annual  session  were  for  him  the  beginning 
with  marked  energy  of  that  tenth  administration  of  the  office  which  it 
was  his  hope  he  might  have  filled  throughout  its  term  for  the  well- 
being    of    the    whole    Association. 

In  the  preparation  of  the  lists  of  the  Committees  for  the  coming 
year  he  took  a  very  active  pari,  and  he  gave  an  impetus  to  the  work 
of  the  Association,  in  the  brief  period  while  he  lived  as  its  President, 
which   gave   great  promise. 

The  organization  of  the  important  Committee  on  Rail'  received  his 
particular  attention,  and  on  the  day  of  his  death,  of  which  there  was 
no  premonition  by  reason  of  impaired  physical  conditions,  he  was  pre- 
paring to  leave  for  Washington  to  represent  the  Association  at  the 
conference  called  by  President  Roosevelt  on  the  Conservation  of  our 
Natural   Resources. 
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In  1893  Mr.  Berg  was  married  to  Miss  Ruby  Burke,  of  Jennings, 
\'a.  Mrs.  Berg  died  in  November,  1904.  Two  children  survive  them, 
Walter  G..  Jr.,  ten  years  old,  and  Moncure  B.,  three  and  a  half  years 
old.  He  is  also  survived  by  his  mother,  sister  and  two  brothers.  One 
of  his  brothers,  Louis  D'Coppet  Berg,  is  a  well-known  architect  of  New 
York  City;  the  other,  Albert  Ellery  Berg,  is  a  writer  and  dramatic 
critic.  His  sister,  Lillie  D'Angelo  Berg,  is  a  teacher  in  one  of  the 
musical    conservatories. 

Mr.  Berg,  in  addition  to  being  a  member  of  the  American  Railway 
I'ngineering  and  Maintenance  of  Way  Association,  was  a  member  of 
t'he  American  Society  of  Civil  Engineers,  member  of  the  American 
Roadmasters'  and  Eastern  iMaintenance  of  Way  Associations,  Past- 
President  of  the  Association  of  Railway  Superintendents  of  Bridges 
and  Buildings,  member  of  the  Railway  Superintendents'  Association, 
member  of  the  Society  for  the  Promotion  of  Engineering  Education, 
member  of  the  American  Society  for  Testing  Materials,  member  of 
the  New  York  Railroad  Club,  member  of  the  Founders  and  Patriots 
of  America,  and  member  of  Holland  Lodge,  F.  &  A.  M. 

Mr.  Berg's  funeral  was  held  at  St.  Paul's  Episcopal  Church,  New 
York  City,  on  May  14.  In  respect  of  his  memory,  the  Lehigh  Valley 
offices  were  closed,  and  the  very  large  attendance  of  its  officers  and 
his  associates  was  an  expression  of  the  sense  of  loss  sustained  by  those 
with  whom  he  had  been  associated  for  a  quarter  of  a  century.  To  them 
his  departure  meant  mucli  more  than  the  mere  loss  of  an  official  of  a 
corporation.  He  was  to  them  both  a  friend  and  a  mentor,  and  as  a 
superior  officer  in  his  department  won  admiration  for  acknowledged 
supremacy  in  his  profession,  and  obtained  the  entire  confidence  of  his 
office  staff  and  subordinates  by  courtesy  and  fairness,  and  by  his  kindly 
interest  in   the   welfare   of  the  individual. 

The  railway  which  he  served  with  such  fidelity  for  so  many  years, 
the  various  associations,  scientific  and  social,  to  which  he  gave  so  much 
of  the  best  that  was  in  him,  and  his  friends  in  every  walk  of  life,  will 
forever    cherish    his    memory. 
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Daniel  Dawson  garotbcrs 

A    Memoir. 

Daniel  Dawson  Cakothers,  Director  and  Chairman  of  the  Com- 
mittee on  Rail  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association,  died  at  his  home,  Earl  Conrt,  Baltimore,  Aid., 
January    2,    1909. 

He  was  born  at  Cutler,  Washington  County,  Ohio,  on  August  21. 
i860,  and  was  the  fifth  son  and  seventh  child  of  Rezin  Dawson  and 
Elizabeth  Bain  (Dawson)  Carothers.  His  father  in  early  life  had 
been  a  millwright,  but  later  became  a  railroad  contractor.  He  had  a 
fine  mechanical  turn  of  mird,  which  his  son  inherited,  and  he  was 
noted  for  his  determination  and  energy.  His  ancestors  had  come 
to  America  from  Scotland,  in  colonial  days,  and  settled  in  Huntingdon 
County,  Pennsylvania.  Mrs.  Rezin  Carothers  was  of  English  extrac- 
tion, her  ancestors  having  emigrated  from  England  to  Maryland,  sub- 
sequently   moving    to    Beaver    County,    Pennsylvania. 

The  early  life  of  Daniel  Dawson  Carothers  was  passed  on  a  farm, 
where  he  was  required  to  do  the  "chores"  and  the  odd  bits  of  work 
which  fall  to  the  common  lot  of  a  country  boy.  This  early  experi- 
ence had  a  tendency  to  develop  both  mind  and  body,  and  the  boy 
showed  a  strong  liking  for  work  with  tools  and  for  everything  which 
pertained  to  machinery.  His  mother  exerted  a  strong  influence  over 
his  early  life  and  intellectual  development,  giving  him  his  primary 
schooling,  as  the  neighboring  country  schools,  in  those  days,  were 
poor  and  the  terms  of  study  of  short  duration.  The  last  year  or  two 
of  Mr.  Carothers'  school  life  was  spent  at  Bartlett  Academy;  later 
he  went  to  the  National  Normal  University  at  Lebanon,  Ohio,  where 
he  took  a  special  course  in  engineering.  During  the  last  three  years 
of  Mr.  Carothers'  college  life  he  taught  school  during  the  winter 
months. 

In  1882  he  began  his  labors  in  the  field  which  he  had  chosen 
for  his  life  work.  His  father  was  at  that  time  connected  with  the 
Wheeling  &  Lake  Erie  Railroad,  and  the  young  civil  engineer  was 
given  employment  as  a  rodman  under  his  lather,  who  early  impressed 
upon  him,  as  the  primary  element  of  success  in  business,  the  com- 
mendable spirit  which  "always  obeys  orders."  As  a  Rodman  and 
Assistant  Engineer,  M'r.  Carothers  remained  with  the  Wheeling  &  Lake 
Erie   Railroad   until    1883. 

In    1883    he    entered    the    service    of    the     Columbus    &    Cincinnati 
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■Midland  Railroad  (now  a  part  of  tlic  Baltniiorc  &  Ohio  Railroad 
System),  serving  it  as  Assistant  Engineer,  Cliief  ICngmeer  and  Train- 
master, respectively.  Me  remained  with  this  company  for  seven  years, 
or  until  1800,  when  he  transferred  the  field  of  his  activity  to  the 
Baltimore  Ik  Ohio  Railroad.,  with  which  company,  or  its  subsidiary 
lines,  he   remained   up   to  the  time  of  his   death. 

In  i8go  Mr.  Carothers  entered  the  service  of  the  Baltimore  & 
Ohio  Southwestern  Railroad  as  Engineer  Maintenance  of  Way,  which 
position  he  held  until  1901.  During  this  period  he  was  engaged  upon 
the  reconstruction  of  the  Baltimore  &  Ohio  Southwestern's  Mississippi 
Division,  between  Cincinnati  and  St.  Louis,  consisting  of  grade  reduc- 
tion and  change  in  alinemcnt  of  340  miles  of  road.  In  this  work 
he  exhibited  a  rare  quality  of  genius  and  good  judgment,  and  estab- 
lished a  record  for  this  class  of  improvement,  which  at  that  period 
was   a  pioneer  piece  of  work   of  like  nature  in   the   Middle   West. 

In  1901  he  became  Superintendent  of  the  Chicago  Division  of  the 
Baltimore  &  Oliio  Railroad,  w-ith  headquarters  at  Chicago.  In  this 
position  he  transferred  liis  activity  and  qualifications  to  the  Trans- 
portation Department,  and  Lis  success  in  this  work  is  borne  out  by 
the  results  attained  through  his  efforts  in  adjusting  the  many  com- 
plex terminal  problems  at  Chicago  which  he  was  called  upon  to  solve 
for    his    company    during    his    administration    there. 

In  1903  he  was  made  General  Superintendent  of  the  Baltimore  & 
Ohio  Southwestern  Railroad,  with  headquarters  at  Cincinnati.  His 
success  in  the  administration  of  the  Transportation  Department  at 
Chicago  resulted  in  his  i)romotion  as  General  Superintendent,  a  posi- 
tion which   v.as  peculiarly  to   his  liking  in   many   respects. 

In  1904  lie  was  chosen  Chief  Engineer  of  the  Baltimore  &  Ohio 
Railroad,  with  headquarters  at  Baltimore,  Md.,  which  position  he  held 
at   the   time   of  his   death. 

Entering  the  service  of  the  Baltimore  &  Ohio  Railroad  on  the 
eve  of  a  new  era  in  railroading  in  America,  at  a  period  when  many 
railroad  companies  were  making  such  marvelous  strides  in  the  way 
of  development,  Mr.  Carothers  played  an  important  part  in  the  up- 
building of  one  of  the  greatest  railroad  systems  in  the  country.  Dur- 
ing the  years  he  filled  the  many  important  positions  to  which  he  was 
chosen  prior  to  1904,  he  was  instrumental  in  directing  nnich  of  the 
energy    that    was    then    expended    in    railroad    improvement. 

Mr.  Carcthers  brought  to  the  position  of  Chief  Engineer  a  broad 
experience  in  railroading  as  well  as  a  high  degree  of  engineering 
skdl.  At  the  outset  the  great  Baltimore  fire  destroyed  the  general 
offices  of  the  Baltimore  &  Oliio  Railroad  Company,  but  through  his 
personal  energy  the  records  of  his  office  were  saved.  He  at  once 
started  the  plans  for  the  beautiful  general  offi.cc  building,  which  he 
afterw-ard   constructed. 

Perhaps  one  of  the  greatest  pieces  of  work  constructed  under 
Mr.    Carothers"    direction    was    the    Union    St.ation    ;it    Washington,    D.    C, 
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and  the  Terminal  improvements  at  the  same  point.  He  was  greatly 
interested  in  this  work,  and  gave  to  the  smallest  details  his  personal 
attention. 

Other  examples  of  his  skill  in  railroad  enginecnng  are  the  nev/ 
Terminal   at  Wheeling.   W.   Va.,   and   the   great  yard   at   Brunswick,   Md. 

Mr.  Carcthers'  experience  as  an  operating  officer  was  varied,  but 
he  always  referred  to  his  service  on  the  Columbus  &  Cincinnati  Alid- 
land  as  the  most  valuable  experience  to  himself.  There  he  was  both 
engineering  and  operating  officer,  giving  orders  and  executing  them 
personally,  ,and  it  was  that  position  which  developed  the  ingenuity 
for   which   he    was   noted. 

Every  man  who  was  ever  associated  with  Mr.  Carothers  loved 
and  respected  him.  ^lany  men  well  and  favorably  known  in  the  rail- 
road world  owe  a  great  measure  of  their  success  to  his  kindly  guid- 
ance and  thoughtful  «help.  It  was  his  greatest  pleasure  to  develop  a 
man,  and  he  often  said  that  it  was  as  creditable  to  develop  a  good 
man   as   it   Avas   to   be  one. 

Mr.  Carothers  was  a  man  of  pleasing  personalit}',  and  typified 
not  only  a  successful  engineer,  but  a  success  as  a  man.  As  an  engi- 
flieer  and  railway  official  hi  had  initiative  power,  and  his  education 
and  long  experience,  backed  up  by  one  of  his  most  dominant  character- 
istics— common  sense — gave  great  strength  to  his  views  among  other 
men  of  his  profession.  The  men  that  worked  in  close  touch  with 
him  were  the  men  that  appreciated  and  respected  his  opinions  most. 
As  a  man,  his  sterling  qualities  and  manliness  drew  everj-one  to  him. 
Notwithstanding  the  position  in  the  railway  world  that  he  had  made 
for  himself,  those  who  knew  him  felt  that  this  was  but  the  beginning 
of  his  true  usefulness,  and  they  all  feel  a  deep  sense  of  personal 
loss   at  his   death. 

Mr.  Carothers  was  married  on  September  20,  1888,  to  Miss  Carrie 
Leland,  of  Lewistcn,  Me.  They  had  one  child,  a  son,  who  lived  only 
a  short  time.  Mr.  Carothers  resided  during  the  years  of  his  con- 
nection with  the  Baltimore  &  Ohio  Southwestern  Railroad  at  Cincin- 
nati, wherie  he  had  a  large  circle  of  social  and  business  friends.  He 
had  often  expressed  the  wish  that  upon  his  death  he  should  be  laid 
to  rest  in  the  family  burial  lot  in  beautiful  Spring  Grove  Cemeten.-. 
beside  the  grave  of  his  beloved  infant  son.  Only  a  few  weeks  before 
his  death  he  visited  that  sacred  spot,  and  it  was  his  custom  on  each 
visit  to  Cincinnati  to  take  the  time  from  his  busj-  life  to  visit  the 
cemetery  and  place  a  floral  tribute  on  the  grave  of  his  loved  one.  He 
little  knew,  upon  his  last  visit  there,  in  how  brief  an  interval  he 
also  would  be  laid  to  rest  by  his  sorrowing  family  and  friends.  And 
here  at  last,  even  within  the  sound  of  the  busy  whirl  of  activity  where 
he  spent  so  much   of  his   useful   life,   he   rests   from  life's   labors. 

Mr.  and  Mrs.  Carothers  resided  in  Baltimore  during  the  past 
five  years,  and  have  made  many  warm  friends.  Mr.  Carothers  was 
a    member    of    the    Marvland,    Merchants',    Baltimore    Yacht,    Baltimore 


48  DANIEL   DAWSON    CAROTHERS— A    MEMOIR. 

Country  and  Engineers'  Clubs,  of  Baltimore;  of  the  St.  Louis  Rail- 
way Club;  of  the  Western  Railway  Club,  of  Chicago;  of  the  American 
Railway  Association:  of  tlic  American.  Society  of  Civil  Engineers;  of 
the  Ohio  Society  of  New  York,  and  of  the  Madisonville  (Ohio)  Lodge 
of  Masons.  He  was  a  Charter  Member  and  Director  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association,  Chair- 
man of  its  Rail  Committee,  and  a  member  of  the  Special  Committee 
on  Conservation  of  Natural  Resources,  and  attended  the  two  con- 
ferences of  the  Governors  of  the  States  with  the  President  of  the 
United  States  at   Washington. 

"The   world   was   better   because    he    lived ; 
A  noble  spirit  has  gone  to  rest." 


COMMITTEE 
REPORTS  AND  DISCUSSIONS 


REPORT    OF    COMMITTEE   NO.     XII— ON     UNIFORM 
RULES,  ORGANIZATION,  TITLES,  CODE,  ETC. 

(Bulletin    106.) 

To  the  Members  of  the  American  Raihvay  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  was  instructed  to  report  on  the  following  subjects 
by  the  Board   of  Direction: 

(i)  Supplement  "General  Rules  for  Government  of  Employes  of 
the  Maintenance  of  Way  Department." 

(2)  Prepare  Special  Rules  for  Foremen  and  other  employes,  prop- 
erly grouped  and  classified  in  accordance  ivith  and  supplementary  to  the 
General  Rules  heretofore  adopted. 

The  Committee  has  held  two  meetings  at  Chicago,  the  first  on  July 
3d,  the  members  present  being  R.  C.  Barnard,  G.  D.  Brooke,  C.  N.  Kalk 
and  J.  A.  Peabody ;  the  second  meeting  was  held  on  September  28th,  R.  C. 
Barnard,  C.  N.  Kalk  and  C.  A.  Wilson  being  present.  J.  O.  Osgood, 
W.  H.  Grant  and  R.  L.  Huntley  were  represented  by  correspondence. 

The  report  presented  to  the  ninth  annual  convention  embodied 
Rules  Governing  Supervisors  of  Signals  (see  pp.  29,  30,  Vol.  9,  1908), 
which   were  adopted  by  the  Association. 

Your  Committee  has  no  changes  to  recommend  in  previous  reports 
adopted  by  the  Association  and  now  appearing  in  the  Manual  of  Recom- 
mended Practice.  The  following  additions  are  submitted  for  incorpora- 
tion  in  the   "General   Rules" : 

"Anything  that  interferes  with  the  safe  passage  of  trains  at  full 
speed   is   an   obstruction. 

"Employes  nmst  exercise  the  greatest  care  and  watchfulness  to 
prevent  injury  or  damage  to  persons  or  property:  in  case  of  doubt, 
they   must   take   the   safe   course   and    run   no    risk. 

"Co-operation  is  required  between  all  employes  whose  work  or 
duties    may   be   jointly   affected." 

In  accordance  with  the  instructions  given  the  Committee,  a  series 
of  rules  governing  Track  Foremen,  Bridge  and  Building  Foremen,  and 
Signal  Foremen  have  been  formulated,  and  arc  submitted  herewith  for 
approval : 
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RULES  GOVERNING  TRACK  FOREMEN,  BRIDGE  AND   BUII.D 
ING  FOREMEN,  AND   SIGNAL  FOREMEN. 

TRACK     FOREMEN. 

(i)  Track  Foremen  shall  report  to  and  receive  instrnctions  from 
the    ':^\'}r:l 

(2)  They  shall  be  responsible  for  the  proper  inspection  anil 
safe  condition  of  the  track  under  their  charge,  and  shall  do  no  work 
(hereon  that  will  interfere  with  the  safe  passage  of  trains,  except 
under    proper    protection. 

(3)  They  must  go  over  their  sections,  or  send  a  reliable  man, 
at  least  once  a  day,  to  make  a  thorough  inspection  to  see  that  the 
track,   signals,   culverts,   bridges,   fences,    etc.,   are   in   safe   condition. 

(4)  If  the  track  or  any  bridge  or  culvert,  in  the  judgment  of 
the  Track  hVreman,  is  not  safe,  he  must  at  once  put  out  the  proper 
signals     to     warn     approaching      trains      and     innncdiateiy      notify      the 

'.  ..'L^..* of    its    condition,    and    do    all    in    his    power 

to    repair    the    defect. 

(5)  During  heavy  storms,  whether  by  day  or  night,  whereby 
the  track  or  any  portion  of  the  company's  property  becomes  liable 
to  damage,  foremen  and  trackmen  must  be  on  duty ;  and  at  such 
times  they  must  go  over  their  sections  to  make  sure  that  the  track 
is    safe,    taking   danger    signals    with    them. 

(6)  They  must  use  constant  care  to  see  that  ail  waterways  are 
kept    free    from   obstructions. 

*(7)  They  must  have  a  copy  of  the  current  time  table,  and  be 
thoroughly  familiar  with  the  rules  and  regulations  thereon,  and  with 
the  time  of  trains  over  their  sections.  They  must  carefully  observe 
signals  displayed  by  all  trains,  and  assure  themselves  before  obstruct- 
ing track  tiiat  all  trains  and  sections  due  have  passed.  No  notice  will 
be  given  of  extra  trains,  and  trackmen  must  protect  themselves  as 
prescribed  by  the  Book  of  Rules.  They  must  provide  themselves  with 
reliable  watches,  and  comjjare  time  daily  with  a  standard  clock  01 
with    conductors. 

t(8)  Tn  case  of  accident,  they  must  at  once  render  all  assist- 
ance in  thoir  power,  whether  the  accident  occurs  on  their  own  or 
on  an  adjoining  section. 


♦Amend  rule  7  to  read:  "The5  must  have  a  copy  of  the  current  time 
table,  and  bo  tliorciighly  familiar  with  the  rules  and  regulations  thereon, 
and  with  the  linic  of  traiti.s  over  Iheir  sections.  They  must  carefully 
observe  .?ig:n;;l.s  disphiyen  by  nil  trains,  and  assure  themselves  bt  f ore 
obslruciinpr  track  that  all  trains  and  sections  due  have  nassed.  No  notice 
will  be  given  of  extra  trains,  and  trackmen  nuist  protect  tliemselves  as 
prescribed  by  tho  Book  of  Rules.  They  must  provide  themselves  with 
reliable  watches,  and  when  possible  compare  time  daily  with  a  standard 
clock   or   with   conductors'    watches." 

t Amend  rule  S  to  read:  "In  case  of  accident,  they  must  at  once 
render  all  assistance  in  their  power,  whether  the  accident  occurs  on  their 
own  or  on  other  sections." 
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*(9)  They  must  permit  no  encroachment  upon  or  occupancy  of 
any  portion  of  the  company's  right-of-way,  except  by  proper  au- 
thority. 

( lo)     They    shall    employ    such    men     as    the ^.. 

will  direct,  and  see  that  they  properly  perform  their  duties.  They 
must  keep  the  required  record  of  the  time  of  their  men  and  of  the 
material    used. 

(ii)  They  must  keep  a  careful  lookout  for  fires  along  the 
track,  and  prevent,  if  possible,  the  destruction  of  fences,  wood  or 
other  material,  and  the  spread  of  fire  into  adjoining  fields.  During 
dry  weather  they  must  not  permit  fires  ,  to  be  started  unless  they 
have   sufiicient    force   to   keep   them   under   control. 

t(i2)  They  must  keep  the  vicinity  of  all  bridges  and  trestles 
cleared  of  all  combustible  material,  such  as  chips,  bark,  dried  grass, 
etc.  They  must  keep  bridge  seats,  tops  of  piers  and  bottom  chords 
cleaned  of  all  cinders  and  dirt.  Where  water  barrels  are  furnished, 
they  must  keep  them  filled   with   water. 

(13)  They  must  limit  the  use  of  handcars  to  the  service  of 
the  company ;  and  they  must  not  permit  anyone  except  employes  of 
the  company  engaged  in  the  performance  of  duty  to  ride  thereon,, 
except  by  proper  authority.  They  must  not  permit  the  running  of 
hand  or  velocipede  cars  belonging  to  private  parties  over  the  track:; 
of   the   company,   except   by   proper   authority. 

BRIDGE     AND     liUILDING     FOREMEN. 

(i)  Bridge  and  Building  Foremen  shall  report  to  and  receive 
instructions   from   the  *    itt>.  > 

(2)  They  shall  be  held  responsible  for  the  proper  inspection 
and  safe  condition  of  the  structures  under  their  charge,  and  shall 
do  no  work  thereon  that  will  interfere  with  the  safe  passage  of 
trains,   except   under   proper   protection. 

$(3)  They  must  have  a  copy  of  the  current  time  table,  and  be 
thoroughly  familiar  with  the  rules  and  regulations  thereon,  and 
with  the  time  of  trains  over  their  district.  They  must  provide  them- 
selves with  reliable  watches,  and  compare  time  daily  with  a  standard 
clock    or    with    conductors. 


♦Amend  rul'i  9  to  read:  "They  niu.st  permit  no  encroachment  upon 
or  occupancy  of  any  portion  of  the  company'.s  right-of-way  and  station 
e;rounds,   except  by  proper  autliority." 

t Amend  rule  12  to  read:  "They  must  keep  the  vicinity  of  ail  bridges 
and  tre-stles  cleared  of  all  combustible  material,  such  as  chips,  biark,  dried 
grass,  etc.  They  must  keep  bridge  seats,  tops  of  piers,  and  all  other 
readily  accessible  portions  of  bridges  and  trestles  cleaned  of  all  cinders 
and  dirt.  Where  water  barrels  are  furnished,  tliey  must  keep  them  filled 
with  water." 

JAmend  rule  3  to  read:  "They  must  have  a  copy  of  the  current  time 
table,  and  be  thoroughly  familiar  with  the  rules  and  regulations  thereon, 
and  with  the  time  of  trains  over  their  district.  They  must  provide  them- 
selves with  reliable  watches,  and  when  possible  compare  time  daily  with 
a  standard  clock  or  with  conductors'  watches." 
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(4)     Thty     sIkiU     employ-     sucli     men     as     the .^.'^!'.'^:^. 

will  direct,  ami  must  sec  that  the}'  properly  perform  their  duties. 
They  must  keep  the  required  record  of  the  time  of  their  men  and 
of    the    material    used. 

SIGNAL    FOREMEN. 

(1)  Signal     Foremen     shall     report     to     and     receive     instructions 

c  »i  (Title.) 

from   the- 

(2)  The\  shall  be  responsible  for  the  proper  condition  of  sig- 
nals and  interlocking  plants  under  their  charge,  and  shall  do  no 
work  thereon  that  will  interfere  witli  the  safe  passage  of  trains, 
except    under    proper    protection. 

*(3)  They  must  liave  a  copy  of  the  current  time  table,  and  be 
thoroughly  familiar  with  the  rules  and  regulations  thereon,  and 
with  the  time  of  trains  over  their  territory.  They  must  provide 
themselves  with  reliable  watches,  and  compare  time  daily  with  a 
standard   clock  or   with   conductors. 

(4)  They    shall    employ    such    men    as    the \  . '. .  ?:^ 

will  direct,  and  must  see  that  they  properly  perform  their  duties. 
They  must  keep  the  required  record  of  the  time  of  their  men  and 
of   the   material   used. 

(5)  In  case  of  accident  affecting  any  portion  of  the  signal  or 
interlocking  apparatus  under  their  charge,  they  must  at  once  pro- 
ceed to  the  spot  with  the  men,  tools  and  materials  necessary  to  make 
repairs. 

(6)  They  must  investigate  and  report  on  the  forms  provided 
for  the  purpose  all  failures  of  signals  and  intcrlncking  plants  in 
their  territory. 

CONCLUSIONS. 

(i)  Your  Committee  recommends  the  adoption  of  the  additions 
to  the  "General  Rules"  for  publication  in  the  IMamial  of  Recom- 
mended   Practice. 

(2)  Your  Committee  recommends  the  adoption  of  the  Rules 
Governing  Track  Foremen,  Bridge  and  Building  Foremen,  and  Signal 
Foremen   for   publication    in   the   Manual   of   Recommended    Practice. 

Respectfully    submitted, 
R.     C.    B.\RNARi>,     Superintendent,     Pennsylvania     Lin.cs,     Cincinnati,     O., 

Chairman. 

F.  L.   Nicholson,  Engineer   Maintenance   of  Way,   Norfolk  &   Southern 

Railroad,    Norfolk,   Va.,    Vicc-Cliainihiii. 

G.  D.    Brooke.    Assistant    Engineer,    Baltimore    &   Ohio    Railroad,    Pitts- 

burg,   Pa. 


•Amend  rule  -3  to  read:  "They  mii.st  have  a  copy  of  the  current  time 
table,  and  be  tlioroiighly  familiar  with  the  rules  and  resjulatlons  thereon, 
and  with  the  time  of  trains  over  their  territory.  They  must  provide  them- 
stlves  witli  reliable  watt'he.s,  and  wlien  pos.^iilile  compan-  tiiiio  daily  with 
a   standard  clot-k  or  with  coinUictors'   watches." 
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W.  H.  Grant,  Manager  of  Construction,  Canadian  Northern  Railway, 
Toronto,    Canada. 

R.   L.    Huntley,    Chief   Engineer,   Union    Pacific   Railroad,   Omaha,   Neb. 

C.   N.  K.XLK,   Chief   Engineer,   Wisconsin   Central    Railway,   Chicago,   III. 

G.    L.    JNIooRE,    Chief   Engineer,    Rutland    Railroad,    Rutland,    Vt. 

J.  B.  Myers.  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Cumber- 
land,  Md. 

Jos.  O.  Osgood^  Chief  Engineer,  Central  Railroad  of  New  Jerse}',  Jersey 
City,    N.    J. 

J.  A.  Peabody,  Signal  Engineer,  Chicago  &  Northwestern  Railway, 
Chicago,    111. 

J.  H.  WAfeLACE,  Assistant  Chief  Engineer,  Southern  Pacific  Company, 
San    Francisco,    Cal. 

C.  A.  Wilson.  Chief  Engineer,  Cincinnati,  Hamilton  &  Dayton  Railroad, 
Cincinnati,    O.  Co)iuinttcc. 

The    undersigned    approves    the    report,    with    the    exception    of    Rule 
(3),    under    Track    Foremen,    exception    being    taken    to    the    authority 
given    Track    Foremen    to    delegate    the    daily    inspection    of    track    to 
another    man. 
G,   H.  Wedb,   Chief   Engu^eer,   Michigan   Central   Railroad,   Detroit,   Mich. 


DISCUSSION. 

Mr.  R.  C.  Barnard  (Pcnns.vlvania  Lines)  : — Mr.  Chairman,  the 
report  of  the  Committee  on  Uniform  Rules  is  to  be  found  in  Bulle- 
tjln  io6.  There  seems  to  me  to  be  no  necessity  for  my  taking  up 
the  time  of  the  convention  in  making  any  preliminary  remarks  in 
regard  to  our- report.  The  Committee  was  instructed,  as  you  will 
notice  from  the  report,  first,  to  supplement  the  General  Rules  for 
the  Government  of  Employes  of  the  Maintenance  of  Way  Depart- 
ment, and,  secondly,  to  prepare  special  rules  for  foremen  and  other 
employes,  properly  grouped  and  classified  in  accordance  with  and 
supplementary  to  the  general  rules  heretofore  adopted.  Your  Com- 
mittee has  complied  with  the  first  by  submitting  the  three  general 
rules  that  are  to  be  found  near  the  foot  of  page  4,  and  with  the 
second  by  oflfering  for  your  consideration  rules  governing  Track  Fore- 
men, Bridge  and  Building  Foremen,  and  Signal  Foremen,  which 
takes  up  the  rest  of  the  report  and  covers  the  sub-departments  for 
which    rules   have   heretofore   been   adopted   by    the    Association. 

It  might  be  well  to  say  that  the  greatest  difficulty  this  Com- 
mittee has  encountered  has  been  in  determining  where  to  draw  the 
line  between  rules  that  are  sufficiently  in  detail  to  cover  all  the 
essential  points  in  this  department,  and  still  be  applicable  to  the 
majority  of  roads  members  of  this  Association,  and  to  exclude  such 
less  important  rules  as  you  generally  find  in  the  small  books  issued 
by  the  various  roads  for  the  government  of  maintenance  of  way 
employes,  and  it  may  be  that  the  Association  will  consider  that  we 
have  not  drawn  the  line  in  the  proper  place  and  have  gone  too 
much  or  too   little  into  detail. 

The  President : — The  report  is  before  \'ou.  The  Secretary  will 
read  the  clauses  intended  for  addition  to  the  "General  Rules,"  and 
it  will  be  taken  for  granted  that  unless  there  is  objection  they  will 
stand   approved   as   read. 

The  Secretary : — The  following  additions  are  submitted  for  incor- 
poration   in   the   "General    Rules" : 

"Anything  that  interferes  with  the  safe  passage  of  trains  at  full 
speed  is  an  obstruction. 

"Employes  must  exercise  the  greatest  care  and  watchfulness  to 
prevent  injury  or  damage  to  persons  or  propertj';  in  case  of  doubt, 
they  must  take  the  safe  course  and  run  no  risk. 

"Co-operation  is  required  between  all  employes  whose  work  or 
duties   may   be  -jointly    affected." 

The  President: — There  being  no  objection  to  allowing  these  three 
clauses  to  be  incorporated  in  the  "General  Rules"  and  in  the  Manual 
of  Recommended   Practice,   they  will  be  so  included. 
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We  will  next  take  up  the  rules  governing  Track  Foremen,  Bridge 
and  Building  Foremen  and  Signal  Foremen.  The  Secretary  will  read 
the  rules,  and  as  they  are  read  they  will  be  considered  adopted,  unless 
there   is  objection. 

The    Secretary: — "(i)     Track   Foremen   shall    report    to   and    receive 

1                                              CTitle  ■> 
mstructions   trom  the    \ .' 

"(2)  They  shall  be  responsible  for  the  proper  inspection  and 
safe  condition  of  the  track  under  their  charge,  and  shall  do  no 
work  thereon  that  will  interfere  with  the  safe  passage  of  trains, 
except    under    proper    protection. 

"(3)  They  must  go  over  their  sections,  or  send  a  reliable  man, 
at  least  once  a  day  to  make  a  thorough  inspection  to  see  that  the 
track,   signals,   culverts,   bridges,    fences,   etc.,   are   in    safe   condition." 

Mr.  L.  C.  Fritch  (Illinois  Central)  : — I  think  the  word  "safe,"  in 
the  last  line,  ought  to  read  "proper  condition."  It  is  the  duty  of 
the   inspector  to   see   thit   the   condition   is   proper,   as    well   as   safe. 

The    President: — Does    the    Committee    accept    that    amendment.^ 

Mr.    Barnard : — Personally,    I    like    what    we    have   letter. 

The  President : — Mr.  Fritch,  do  you  make  a  motion  to  that  effect, 
to   change   that   word  or   insert   the   word   "proper"? 

Mr.  L.  C.  Fritch : — I  move  that  the  word  "safe"  be  changed  to 
"proper." 

Mr.  M.  L.  Byers  ((Missouri  Pacific)  : — I  move  to  amend  by  strik- 
ing out  the  word  "safe."  That  will  give  a  proper  reading  and  accom- 
plish  the    same   purpose. 

The  President : — Does  the  chair  understand  it  is  simply  .leaving 
the   word   "safe"   out   and   to    read    "in   condition"? 

Mr.  M.  L.  Byers: — Yes,  sir;  that  will  make  it  read,  "for  the  proper 
inspection    and    condition." 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — I  would  like  to 
ask  the  mover  of  the  motion  if  he  would  not  make  it  read  "safe  and 
proper   condition"  ? 

Mr.  L.  C.  Fritch : — It  seems  to  me  if  it  is  in  proper  condition,  ii 
is  in  safe  condition. 

Mr.  G.  A.  Mountain  (Canadian  Railway  Commission)  : — It  seems 
to  me  if  it  is  in  a  safe  condition  for  trains  going  over  it,  it  is  in 
proper     condition. 

The  President :— There  was  no  second  to  the  amendment.  We 
will   take   up   the   main   question. 

(iMotion   lost.) 

The  President : — The  clause  will  stand  as  read.  Has  Mr.  Webb 
anything   to    say  ? 

M'r.  G.  H.  Webb  (Michigan  Central)  : — I  dissented  to  one  clause 
there  regarding  Section  Foremen  being  permitted  to  delegate  their 
duties  to  somebody  else.  I  do  not  think  that  is  good  practice,  and  1 
see  they  printed  me  as  being  in  the  minority  regarding  that  clause  in 
rule  3.     On  our   road  it    is   unnecessary   for   a    Section    Foreman    to    do 
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that  unless  lie  has  taken  it  u[)  in  a  special  case  witli  tlie  Roadniaster 
for    some   definite  purpose. 

The  President: — Any  further  discussion  on  clause  3?  If  not,  the 
Secretary   will  pass   on   to   rule  4. 

The  Secretary: — "(4)  If  the  track  or  any  bridge  or  culvert,  in 
the  judgment  of  the  Track  Foreman,  is  not  safe,  he  must  at  once  put 
out    the    proper    signals    to    warn    approaching    trains    and    immediately 

notify    the '.T'.r;. of    its    condition,    and    (]o    all    in    his 

'power   to    repair    tlie    defect. 

"(5)  During  heavy  storms,  whether  by  day  or  night,  whereby 
the  track,  or  any  portion  of  the  company's  property  becomes  liable 
to  damage,  foremen  and  trackmen  nuist  he  on  duty;  and  at  such  times 
they  must  go  over  their  sections  to  make  sure  that  llic  track  is  safe, 
taking  danger   signals   with   them. 

"(6)  They  must  use  constant  care  to  see  that  all  waterways  arc 
kept   free    from   obstructions. 

"(7)  They  must  have  a  copy  of  tlie  current  time  table,  and  be 
tlioroughly  familiar  with  the  rules  and  regulations  thereon,  and  with 
the  time  of  trains  over  their  sections.  They  must  carefully  observe 
signals  displayed  by  all  trains,  and  assure  themselves  before  obstruct- 
ing track  that  all  trains  and  sections  due  have  passed.  No  notice  will 
be  given  of  e.xtra  trains,  and  trackmen  must  protect  themselves  as 
prescribed  by  the  Book  of  Rules.  They  must  provide  themselves  with 
reliable  watches,  and  compare  time  daily  with  a  standard  clock  or  with 
conductors." 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)  : — It  seems 
to  me  there  is  a  question  there  as  to  the  requirement  that  the  Section 
Foreman  must  provide  himself  with  a  reliable  watch.  We  do  not 
require  that  in  the  sense  that  we  require  them  to  have  their  watches 
examined,  make  it  an  absolute  part  of  their  duties  under  the  rules.  If. 
for  some  reason,  he  fails  to  provide  himself  with  a  reliable  watch,  and 
owing  to  that  failure  something  happens  to  make  the  company  liable, 
it  may  be  a  serious  matter,  and  it  is  something  that  we  ought  to  con- 
sider carefully. 

Mr.  E.  R.  Lewis  (Michigan  Central j  : — I  move  that  the  word 
"watches"  be  added  after  the  last  word  "conductor."  The  revised 
clause  would  read:  "Compare  time  daily  with  a  standard  clock  or 
with   conductors'   watches." 

Mr.  Barnard : — That  .same  thing  occurred  to  me  as  the  Secretary 
was  reading  it.     The   Committee   will   accept  that. 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River)  : — The 
word  "conductor,"  it  occurs  to  me,  is  peculiar.  We  require  our 
Supervi.'^ors  to  carry  guaranteed  watches  and  the  Section  Foremen 
are    privileged    to   compare    their    w\'itches    with    the    Supervisor's    watch. 

'Mr.  Barnard: — The  idea  in  preparing  that  rule  was  that  the 
Supervisor  nrght   not   be   available   every   day   and    the    Section   Foreman 


UXIl-'ORM      RULES.  59 

can  always  find  some  conductor  on  a  train  going  by  witli  whom  ho 
can   compare   his   watch. 

The  President : — If  there  is  no  further  discussion  on  rule  7  the 
Secretary    will   proceed   with    rule   8. 

The  Secretary: — "(,8)  In  case  of  accident,  they  must  at  once 
render  all  assistance  in  their  power,  whether  the  accident  occurs  on 
their   own    or   on   an    adjoining   section." 

Mr.  E.  R.  Lewis: — I  move  that  the  word  "adjoining"  be  ch^iged 
to  "or  other."  There  are  cases  when  the  Foreman  is  called  upon  to 
go  further  away   than  an   adjoining  section. 

Mr.    Barnard :— The    Committee    accepts    that    suggestion. 

The  Secretary: — "(9)  They  must  permit  no  encroachment  upon 
or  occupancy  of  any  portion  of  the  company's  right-of-way,  except  by 
proper  authority. 

"  ( 10)     They    shall    employ    such    men    as    the .*..'..?.. 

will  direct,  and  see  that  they  properly  perform  their  duties.  They 
must  keep  the  required  record  of  the  time  of  their  men  and  of  the 
material    used.'' 

Mr.  J.  P.  Sncw  (Boston  &  Maine)  :— I  notice  that  all  through 
this  report  the  words  "shall"  and  "'must"'  are  used  irrespective  of 
what  the\'  really  mean.  It  seems  to  me  that  the  word  "shall''  would 
be  a  better  word  to  use  all  the  way  through.  It  would  be  more 
consistent  if  one  or  the  other  word  were  used  invariably.  The  word 
"shall,"   it  seems  to   me,   would  be   preferable. 

The  President: — That  matter  has  been  discussed  before  in  the 
convention.  Heretofore  it  has  been  looked  upon  that  there  were  some 
cases  where  more  emphasis  should  be  put  upon  certain  rules  than  on 
others,  and  with  that  in  view  "must"  was  used  as  against  the  word 
"shall."     What    does    the    Committee    think? 

Mr.  Barnard: — In  our  Committee  meetings  we  have  gone  pretty 
thoroughly  over  the  wording  of  this  report  and  had,  at  those  times, 
what  we  thought  were  goc<l  reasons  for  the  wording  that  we  used ; 
I  therefore  do  not  like  to  say  otThand  that  we  will  accept  that  gen- 
eral   change. 

^Ir.  Lindsay: — I  would  like  to  ask  with  regard  to  the  first  line, 
■'they  shall  employ  such  men  as  the."  etc.,  does  that  mean  such 
number  of  men,  or  does  that  relieve  the  Foreman  of  the  responsi- 
bility of  employing  the  men,  selecting  the  men — placing  upon  the 
officer,  whose  title  is  omitted,  the  responsibility,  or  dees  it  mean 
such   number    of   men   or    such    kind    of   men  ? 

Mr.    Barnard  : — Both. 

Mr.  Lindsay : — That  relieves  the  Section  Foreman  of  the  duty 
of    employing    his    own    men. 

^Ir.  Barnard : — The  Section  Foreman's  chief  will  tell  him  how 
many  men  tu  put  on  his  section  and  he  knows  from  his  general 
instructions  what  kind  of  men  to  employ,  as  to  their  physical  ability, 
and    so    forth. 
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The  Secretary: — "(ii)  They  must  keep  a  careful  lookout  for 
fires  along  the  track,  and  prevent,  if  possible,  the  destruction  of  fences, 
wood  or  other  material,  and  the  spread  of  tire  into  adjoining  fields. 
During  dry  weather  they  nuist  not  permit  fires  to  Ix:  started  unless 
they   have   sufficient   force   to   keep    tliem    under   control. 

"(12)  They  must  keep  the  vicinity  of  all  bridges  and  trestles 
cleared  of  all  combustible  material,  such  as  chips,  bark,  dried  grass, 
etc.  They  must  keep  bridge  seats,  tops  of  piers,  and  bottom  chords 
cleaned  of  all  cinders  and  dirt.  Where  water  barrels  are  furnished, 
they  must   keep   them   filled   with    water." 

Mr.  V.  K.  Hendricks  (St.  Louis  &  San  Francisco)  : — I  move 
that    "floor   beams   and   stringers"   be    added    to   that    clause. 

lAlr.  Barnard: — The  only  question  that  arises  in  my  mind  is,  if 
you  adopt  that,  where  you  are  going  to  stop.  You  can  go  into 
more  details  and  specif}^  other  things  that  they  should  be  kept  clear  of. 

Mr.  Hendricks: — Then  amend  that  by  saying  "all  portions  of 
steel    bridges."     I    think    all    portions    should    l>e    kept    clean. 

The  President : — Mr.  Hendricks,  do  you  mean  such  portions  of 
tile  liridge  as  come  dircctlx-  witliin  tlie  easy  access  of  the  Section 
Foreman? 

Mr.    Hcn.(h-icks  : — Yes,    sir. 

(Motion    lost.) 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  would  suggest 
that  we  eliminate  the  detail  parts  of  tlie  rule,  for  the  reason  that 
bottom  chords  are  specified,  and  on  tlie  deck  of  the  bridge  the  top 
chords  are  more  accessible  than  the  bottom  chords.  1  would  suggest 
that  the  rule  read,  "they  must  keep  all  accessible  parts  of  bridges 
clear   of   cinders   and    dirt." 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis):— 
I  li.irdly  think  tl'.e  gentleman  expects  a  Section  Foreman  to  climb  up 
on  top  of  top  chords.  That  is  accessible  to  a  bridgeman,  but  not  to  a 
Section  Foreman.  It  seems  to  me  the  idea  of  Mr.  Hendricks  was 
to  require  tlic  Section  Foreman  to  keep  all  parts  of  metal  structures 
within    reach    wi  bout    climbing    free    of    cinders    and    dirt. 

Mr.  Snow: — T  think  the  idea  of  Mr.  Ewing  is  good;  that  is,  leave 
out  details.  Whether  the  wording  he  suggested  is  best  or  not  is 
somewhat  questionable,  but  we  cannot  draw  the  line  precisely  where 
the  Section  Foreman  shall  leave  off  and  the  bridge  crow  come  in. 
It  would  be  better  to  cut  out  all  reference  to  chords  and  confine 
the  work  to  masonry,  or  else  endeavor  to  draw  a  very  precise  line, 
which  would  be  a  difficult  proposition  if  we  cover  all  '  classes  of 
structures.  For  instance,  metal  bridges  have  been  spoken  of.  We 
do  not  want  to  confine  the  work  to  metal  bridges.  It  should  apply  to 
all  kinds  of  bridges,  wood  and  everything.  If  we  cut  out  the  refer- 
ence to  bottom  chords,  and  so  forth,  it  seems  to  me  it  would  be, 
all   right.     I   would   suggest   that   t<i  iMr.   Ewing. 

Mr.    Barnard : — The   Connnittee   will    accept   that. 


UNIFORM     RULES.  61 

The  President : — Is  it  understood,  then,  that  it  will  read,  "They 
must  keep  bridge  seats,  tops  of  piers,  and  so  forth,  cleaned  of  all 
cinders   and   dirt?" 

Mr.    Ewing : — Yes,    sir. 

The    President :— It    is    so    ordered. 

Mr.  L.  C.  Fritch : — It  seems  to  me  the  words  "and  so  forth" 
are  too  indefinite.  Rules  ought  to  be  specific.  We  are  leaving  it  too 
general  by  putting  in  the  words,  "and  so  forth."  My  preference 
is   to   leave   the    rule   stand   as   it    is. 

Mr.  M.  L.  Byers : — I  ask  if  the  Committee  would  accept  the 
words   "readily   accessible   portions"   as   a   substitute   for   "and   so   forth"  ? 

IMr.  G.  H.  Webb : — The  idea  of  putting  that  rule  in  was  to 
keep  the  abutments,  piers  and  bridge  seats  clean,  and  incidentally 
anything  that  might  be  resting  on  them,  snd  as  long  as  we  cover 
the  ground  of  keeping  abutments,  piers  or  mudsills  cleaned  off,  we 
have  accomplished  what  we  started  in  to  do.  That  is  what  the 
Committee   had   in   mind. 

Mr.  McDonald : — I  believe  this  discussion  is  out  of  order,  but 
since  the  chairman  permitted  it,  I  want  to  state  that  I  believe  the 
vote  was  taken  without  a  full  understanding  of  the  situation.  I 
desire  to  record  my  protest  against  any  rule  which  would  relieve 
the  Section  Foreman  of  the  duty  of  cleaning  the  locomotive  sparks 
off  of  the  ironwork  of  bridges.  There  is  no  more  potent  destroyer  of 
ironwork  by  rust  than  these  sparks  in  combination  with  water.  It 
sho.ild  be  the  duty  of  the  trackwalker  and  sectionman  to  sweep  these 
sparks  off,  and  in  my  judgment  their  woik  should  not  be  confined 
to  sweeping  off  the  masonry.  It  does  not  do  much  harm  on  the 
masonry,  but  it  does  do  a  lot  of  harm  on  the  horizontal  members  of 
the    steel    structure. 

Mr.  Hendricks : — I  second  Mr.  Bj'crs'  motion  to  make  the  sentence 
read,  "they  must  keep  bridge  seats  and  tops  of  piers  and  all  readily 
accessible    portions    of   bridges    cleaned    of   all    cinders    and    dirt."' 

The  President : — You  have  heard  the  motion  to  change  rule  12 
to  make  it  read,  "they  must  keep  bridge  seats,  tops  of  piers  and  all 
readily  accessible  portions  of  bridges  cleaned  of  all  cinders  and  dirt." 
The    motion    is   now    before   j-ou. 

Mr.  L.  C.  Fritch : — It  is  as  important  to  clean  the  trestles  as  it 
is  the  bridges,  en  account  of  the  stringers  or  bottom  chords  of  the 
trestles  being  of  wood,  and  they  should  be  cleaned  just  as  well  as 
these    iron   structures. 

Mr.    Barnard : — The    Committee    accepts    the    modification. 

The   President : — Is   that  acceptable   to   the   seconder   of   the   motion : 

Mr.    Hendricks  : — Yes,   sir. 

The  President: — The  object  is  to  put  in  the  word  "trestles,"  so 
as  to  make   it   read    "bridges   and   trestles." 

Mr.  Snow : — Would  not  that  be  a  repetition  of  what  we  started 
out  with  in  the  first  line  of  the  paragraph?  It  seems  to  me  the  first 
line    covers    that. 
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I'lic  Pn.>idi.nt  : —  The  rule  s  lys :  "Ilicy  imisl  keep  tlic  vicinity 
of  all  ))ridg'.s  anil  trestles  cleared  of  all  combustible  material,"  etc.. 
and  it  was  ^Ir.  Byers"  suggestion  that  "they  must  keep  bridge  seats, 
tops  of  piers  and  readily  accessible  parts  of  the  bridges  cleaned  of 
all   cinders   and   dirt." 

Mr.  Barnard: — 1  believe  it  was  Mr.  Byers'  intention  to  leave  in 
the   words    "bottom    chords." 

Mr.  Byers: — I  wish  to  have  added  after  the  words  "tops  of 
piers"  the  words  "and  all  other  re;Klily  accessible  portions  of  bridges 
and   trestles   cleaned   of   cinders   and    dirt." 

iMr.  W.  (].  Brinison  (Quincy,  Omaha  &  Kansas  City)  : — I  sug- 
gest, in  the  place  of  the  words  "cinders  and  dirt,"  that  we  use  the 
words  "all  foreign  substances" — "cleaned  of  all  foreign  substances." 
At  times  of  high  water  drift  gets  on  the  pier,  and  this  remains  on 
the  pier  as  well  as  cinders  and  dirt.  The  Section  Foreman  might 
seek  an  excuse  for  not  cleaning  it  off  by  saying  they  were  twigs 
and  branches   of   trees,    etc. 

The  President: — As  a  rule,  is  not  the  ordinary  foreman  better 
acquainted  with  the  term  "cinders  and  dirt"  than  "foreign  sub- 
stances"?    The    Secreta:-y    will    read    the    rule    as    it    is    to    be    amended. 

The  Secretary: — "(12)  They  must  keep  the  vicinity  of  all  bridges 
and  trestles  cleared  of  all  combustible  material,  such  as  chips,  bark, 
dried  grass,  etc.  They  must  keep  bridge  seats,  tops  of  piers  and  all 
other  readily  accessible  portions  of  bridges  and  trestles  cleaned  of  all 
cinders  and  dirt.  Where  water  barrels  are  furnished,  they  must  keep 
them    filled    with    water." 

The  President  : — All  in  favor  of  the  amendment  and  the  adoption 
of   the   clause   as   amended    will    say   aye. 

(Motion    carried.) 

The  Secretary: — "(13)  They  must  limit  the  use  of  handcars  to 
the  service  of  the  company;  and  they  must  not  permit  anyone  except 
employes  of  the  company  engaged  in  the  performance  of  duty  to  ride 
thereon,  except  by  proper  authority.  Thcy  must  not  permit  the  run- 
ning of  hand  or  velocipede  cars  belonging  to  private  parties  over  the 
tracks    of    the    company,    except    by    proper    authority." 

Mr.  Barnard: — It  occurs  to  me  that  the  rule  would  read  more 
smoothly  if  we  cut  out  the  word  "and"  in  the  second  line  of  the 
rule   after   the   semicolon. 

The  President: — That  is  a  question  of  phraseology,  and  that  word 
will    be    cut   out. 

Mr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific)  : — T  would  like 
to  go  back  to  rule  9,  after  the  words  "company's  right-of-way,"  and 
insert  the  words  "and  station  grounds."  Maintenance  of  Way  em- 
ployes drgw  a  marked  line  as  between  the  company's  right-of-way 
and  station  grounds;  if  the  matter  is  called  to  their  attention 
I  think  they  would  pay  more  attention  to  it.  If  there  is  any  one 
thing    on    the    company's    property    that    requires    care    from    encroach- 
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ment  it  is  at  the  station.  I  would  make  it  read,  "they  must  permit 
no  encroachment  upon  or  occupancy  of  anj-  portion  of  the  company's 
right-of-way    and    station    grounds    except    hy    proper    authority." 

Mr.  W.  J.  Burton  (Missouri  Pacific)  : — Would  it  not  do  just  as 
well  to  make  it  "company's  property"  instead  of  "right-of-way,"  mak- 
ing  it    refer    to    any    portion    of   the    company's    property? 

Mr.  Berrj- : — The  company  owns  property  sometimes  quite  a  dis- 
tance removed  from  the  section  through  which  the  road  travels,  antl 
what  the  .Section  Foreman  is  interested  in  is  along  his  section.  We 
might  have  a  gravel  pit,  or  something  of  that  kind,  located  off  the 
right-of-way. 

The  President : — The  chair  considers  the  point  brought  up  by 
Mr.   Berry  as  being  in   order. 

Mr.  Berry:- — What  I  desire  is  that  the  rule  shall  read  as  follows: 
"(9)  They  must  permit  no  encroachment  upon  or  occupancy  of  any 
portion  of  the  company's  right-of-way  and  station  grounds  except 
by    proper    authority." 

Mr.  Barnard: — I  liave  no  particular  objection  to  that,  but  are  we 
not  encroaching  a  little  bit  on  the  territory  of  the  agent?  I  think 
the  agent  should  keep  people  off  his  own  station  grounds.  These 
are   instructions   for   the    Section   Foreman. 

■  iMr.  L.  C.  Fritch : — It  seems  to  me  that  is  the  very  reason  why 
it  should  be  put  in,  because  the  Section  Foreman  thinks  it  is  the 
duty  of  the  agent  to  watch  the  station  grounds,  and  if  we  put  it  in 
the  rules,  it  makes  it  the  duty  of  the  Section  Foreman.  I  think  it  is  a 
very   important   matter,    and   hope   it   will   be    introduced    into    the    rules. 

M'r.  Berry:— With  all  the  care  of  the  Section  Foreman  and 
station  agent  we  are  all  of  us  .  losing  property.  I  have  known  of 
many  cases  where  people  have  been  allowed  to  encroach  upon  railroad 
property,  even  business  men  in  the  town,  and  after  the  lapse  of  a 
few   years   claim   it   as   their    own. 

The  President : — All  in  favor  of  the  adoption  of  the  amendment 
say  aye. 

(Motion    carried.) 

The    Secretary: — "Bridge    and    Building    Foremen. —  (i)    Bridge    and 
Building    Foremen    shall    report    to    and    receive    instructions    from    the 
(Title.) 

"(2)  They  shall  be  held  responsible  for  the  proper  inspection 
and  safe  condition  of  the  structures  under  their  charge,  and  shall 
do  no  work  thereon  that  will  interfere  with  the  safe  passage  of 
trains,    except    under    proper    protection. 

"(3)  They  must  have  a  copy  of  the  current  timetable,  and  be 
thoroughly  familiar  with  the  rules  and  regulations  thereon,  and 
with  the  time  of  trains  over  their  district.  They  must  provide  them- 
selves with  reliable  watches,  and  compare  time  daily  with  a  standard 
clock   or   with   conductors." 
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Mr.  H.  R.  Safford  (Illinois  Central)  : — Rule  3  is  only  applicable 
to  Bridge  Foremen,  and  involves  precautionary  measures  with  refer- 
ence to  track  construction,  and  it  seems  to  me  that  the  same  features 
should  be  incorporated  in  that  rule  as  appear  in  rule  7  under  Track 
Foremen,  and  a  motion  is  therefore  offered  that  rule  .3,  under  Bridge 
and  Building  Foremen,  be  amended,  first,  by  eliminating  the  word 
"they"  and  substituting  "Bridge  Foremen"  in  the  first  line,  and 
making  the  balance  of  rule  3  the  same  as  rule  7  under  Track 
Foremen. 

Mr.  A.  W.  Johnston : — As  a  matter  of  information,  I  ask  whj 
the  Committee  requires  the  Foreman  to  be  familiar  witli  tlie  rules 
and  regulations  on  the  timetable.  1  can  understand  why  a  Section 
Foreman  should  be  familiar  with  the  timetable,  as  to  the  time  of 
trains  thereon,  i)ut  if  we  are  to  inaugurate  a  system  under  which 
he  should  be  familiar  with  all  the  rules  and  regulations  on  the 
timetable,  and  if  he  fails  to  lie  familiar  with  them,  he  should  in 
some  way  be  held  responsible.  Most  of  the  rules  and  regulations 
on  the  timetable  are  for  the  government  of  the  employes  in  train 
service  and  do  not  have  to  do  with  the  duty  of  the  Section  Fore- 
man, or  particularly  the  Bridge  Foreman,  in  his  own  work,  and  I 
think  we  should  be  careful  not  to  put  in  a  rule  of  this  sort  of 
phraseology  which  compels  the  employe  to  be  familiar  with  rules 
which    do   not   govern   his    own    particular    work. 

Mr.  L.  C.  Fritch : — It  seems  to  me  the  word '  "familiar"  there  is 
not  an  impelling  term.  They  ought  to  l)e  familiar  with  these  rules, 
and  I  think  nearly  every  railroad  company  requires  anyone  who  has 
to  do  with  the  movement  of  trains  in  any  way  to  be  familiar  with 
the  rules  governing  the  movement  of  those  trains,  and  I  think,  there- 
fore, as  the  rule  is  worded,  it  would  not  make  it  absolutely  com- 
pulsory. 

Mr.  L.  A.  Downs  (Illinois  Central)  : — The  rule  provides  that  they 
must  compare  time  daily  with  a  standard  clock  or  with  conductors. 
Sometimes  on  branch  lines,  or  even  on  the  main  lines,  the  Bridge 
Foreman,  or  the  Section  Foreman,  will  go  out  to  work  on  a  bridge 
or  on  the  road,  and  he  cannot  compare  his  watch  with  a  standard 
clock  or  with  a  conductor's  watch — it  is  not  convenient  for  him  to 
do  so — and  yet  the  rules  state  he  must  do  it.  I  move  that  rule  3 
be  changed,  also  rule  7  under  Track  Foremen,  to  read  that  they 
shall  provide  themselves  with  reliable  watches  and  compare  time 
daily  with  a  standard  clock  or  with  the  watch  of  an  employe  whom 
they  know  has  the  correct  time.  We  say  "must"  in  that  particular 
case,    when    it    would   be    almost    impossible    to    do    it. 

The  President : — Suppose  an  instance  be  taken  where  they  do  not 
know  thai  the  man  has  the  right  time?  What  would  be  done  in 
that    case? 

Mr.  Downs : — They  could  not  do  it  in  either  case.  They  can, 
however,    almost    always    get    the    correct    time    from    an    agent — h^    got 
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the  correct  time  the  day  before,  and  it  is  reasonable  to  suppose  that 
he  has  the  correct  time.  A  flagman  might  go  back  from  a  train,  and 
the  Section  or  Bridge  Foreman  could  ask  him  the  time.  I  do  not 
think  we  should  limit  it  to  a  comparison  with  a  standard  clock  or 
with    the    watch   of   a   conductor. 

The  President: — On  the  particular  branches  you  refer  to,  I  sup- 
pose  the  standard   clock  would  be   the  agent's   clock? 

Mr.  Downs : — Not  at  all ;  the  standard  clock  would  be  at  some 
terminal  point,  and  he  would  get  the  time  and  he  would  compare 
his  watch  with  that.  It  is  limited  in  this  case  as  to  where  he  can 
get  the  standard  time  from  a  conductor's  watch  or  a  standard  clock, 
and  it  may  be  that  he  could  not  get  it  every  day,  and  yet  the  rule 
says  he  must  get  it  every  day.  I  think  that  rule  should  be  modified 
to  permit   him   to    use   other   methods   to  get   the   correct    time. 

Mr.  Barnard: — I  do  not  think  that  point  is  a  particularly  essential 
one,  and  it  seems  to  me  if  we  have  a  branch  on  which  trains  are 
so  infrequent  that  a  man  cannot  compare  time  with  a  conductor's 
watch  once  every  day  or  two  days,  we  will  not  spend  much  money 
on   the   maintenance    of   that   branch. 

Mr.  Downs : — It  does  not  say  two  days,  but  every  day.  The 
Bridge  or  Section  Foreman  may  go  out  to  his  work  and  he  may 
not  see  a  conductor,  except  as  they  may  go  by  on  the  train.  He 
has  no  occasion  to  go  where  there  is  a  standard  clock,  and  possibly 
may  not  even  go  to  the  station.  How,  then,  is  he  to  compare  his 
watch  with  some  standard  time?  We  should  only  put  that  in  the  rules 
that   which   it  is  possible   for  him   to   do. 

Mr.  Snow : — We  are  not  obliged  to  compare  the  watch  with  the 
conductor  directly — we  are  at  liberty  to  do  it  indirectly,  through  a 
station  agent,  or  some  other  means,  or  even  by  comparing  the  time 
with  a  brakeman.  I  believe  the  Committee's  report  should  stand  as  it 
is  in  this  respect,  with  the  addition  of  the  word  "watches"  as  in 
rule  7. 

The    President: — Will    Mr.    Safford    kindly    repeat    his    motion? 

Mr.  Safford :— I  move  that  rule  3  be  amended  by  eliminating 
the  word  "they"  at  the  beginning  of  the  rule  and  substituting  therefor 
the  words  "Bridge  Foreman"  and  that  the  remainder  of  the  rule 
shall  be  identical   with  rule  7,  under  the  heading  "Track  Foremen." 

Mr.  Barnard : — What  is  the  idea  of  changing  the  first  word  of 
that  paragraph?  The  same  word  "they"  appears  throughout  the  rules. 
What   is    the   reason    for   changing   it   in  this   one   instance? 

Mr.  Safford : — The  rule  does  not  indicate  it  applies  to  Bridge 
Foremen   exclusively. 

Mr.  L.  C.  Fritch : — It  may  apply  to  Building  Foremen.  A  Build- 
ing Foreman  may  be  putting  a  coal  chute  over  the  main  track,  and 
in  that  case  the  Building  Foreman  should  be  as  familiar  with  the 
rules  and  regulations  on  the  timetable  as  the  Bridge  Foreman.  I 
think  the  rule  is  correct  as   it  stands,  without  the  amendment. 

(Motion   lost.) 
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Mr.  iM.  L.  Byers : — I  am  very  much  in  favor  of  making  our 
rules  of  such  a  character  that  they  can  be  rigidly  enforced,  and  I 
agree  thoroughly  with  Mr.  Johnston's  remarks  on  that  subject.  There- 
fore I  move  to  amend  the  last  sentence  of  this  rule  3  by  making  the 
sentence  read :  "They  must  provide  themselves  with  reliable  watches 
and,  when  possible,  compare  time  daily  with  a  standard  clock  or 
conductors'   watches." 

Mr.   L.    C.    Fritch : — I    second    the    motion. 

The  President : — You  have  heard  the  motion,  proposed  by  Mr. 
Byers  and  seconded  by  Mr.  Fritch,  to  add  the  words  "when  possible" 
before  the  words  "compare  time  daily  with  a  standard  clock  or  with 
conductors'    watches.'' 

(Motion  carried.) 

Mr.  Downs : — Will  that  apply  also  to  rule  7,  under  Track  Fore- 
men?    It   is   the   same   thing. 

The  President : — In  order  to  make  it  official,  we  will  bring  that 
before  the  house. 

Mr.  Downs : — I  move  that  rule  7,  under  Track  Foremen,  be 
changed  to  read  the  same  as  rule  3,  under  Bridge  and  Building 
Foremen,  in  the  same  respect  to  the  motion  which  has  just  been 
passed    with    reference    to    rule    3. 

(Motion   carried.) 

Mr.  Burton : — I  would  like  to  know  the  idea  in  not  stating  ex- 
plicitly in  this  rule  that  Bridge  Foremen  shall  protect  the  track  when 
it  is  obstructed,  the  same  as  Section  Foremen,  and  not  to  obstruct 
it  excepting  when  trains  are  not  due.  Rule  7,  under  Track  Foreman, 
has  in  it  a  clause  which  protects  the  track,  while  this  rule  does  not 
have  such  a  clause. 

Mr.  W.  M.  Camp  (Railway  and  Engineering  Review)  :— Does  not 
rule   2    cover   that   point? 

Mr.  Barnard : — I  agree  with  Mr.  Camp  that  rule  2  covers  that 
point. 

The  Secretary: — "(4)  They  shall  employ  such  men  as  the 
..'..?;. will  direct,  and  must  see  that  they  properly  per- 
form their  duties.  They  must  keep  the  required  record  of  the  time 
of  their  men  and  of  the  material   used. 

"Signal  Foremen. — (i)  Signal  Foremen  shall  report  to  and  re- 
ceive  instructions    from   the  .^?:\^f?-.^. 

"(2)  They  shall  be  responsible  for  the  proper  condition  of  sig- 
nals and  interlocking  plants  under  their  charge,  and  shall  do  no 
work  thereon  that  will  interfere  with  the  safe  passage  of  trains, 
except    under    proper    protection. 

"(3)  They  must  have  a  copy  of  the  current  timetable,  and  be 
thoroughly  famiiiar  with  the  rules  and  regulations  thereon,  and 
with  the  time  of  trains  over  fheir  territory.  They  must  provide 
themselves  with  reliable  watches,  and  compare  time  daily  with  a 
standard   clock   or   with   conductors. 
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"(4)     They    shall    employ    such    men   as    the  ^T....'? 

will  direct,  and  must  see  that  they  properly  perform  their  duties. 
They  must  keep  the  required  record  of  the  time  of  their  men  and 
of  the  material   used." 

Mr.  W.  J.  Eck  (Southern)  : — I  would  suggest  to  the  Committee 
that  there  should  be  one  additional  rule  provided  to  the  effect  that 
the  Signal  Foreman  must  not  make  any  permanent  rearrangement  in 
signals    or    interlocking    plants    without    proper    authority. 

Mr.   L.   C.   Fritch : — I    second   the   motion. 

Mr.    Barnard : — I    think    it   is    a   good    idea. 

The  President : — ^The  Committee  accepts  the  motion,  and  if  there 
is  no  objection  the  Committee  will  embody  it  in  their  subsequent 
report. 

The  Secretary: — "(5)  In  case  of  accident  affecting  any  portion 
of  the  signal  or  interlocking  apparatus  under  their  charge,  they  must 
at  once  proceed  lo  the  spot  with  the  men,  tools  and  materials  necessary 
to  make    repairs. 

"(6)  They  must  investigate  and  report  on  the  forms  provided 
for  the  purpose  all  failures  of  signals  and  interlocking  plants  in  their 
territory. 

"Conclusions. —  (i)  Your  Committee  recommends  the  adoption 
of  the  additions  to  the  "General  Rules"  for  publication  in  the  Manual 
of   Recommended    Practice. 

"(2)  Your  Committee  recommends  the  adoption  of  the  Rules 
Governing  Track  Foremen,  Bridge  and  Building  Foremen,  and  Signal 
Foremen,    for   publication   in   the    Manual   of   Recommended    Practice." 

Mr.  L.  C.  Fritch: — I  move  that  conclusions  i  and  2,  as  modified 
and    amended,    be   adopted. 

The  President : — It  is  moved  that  the  Committee's  recommenda- 
tions for  publication  in  the  Manual  of  Recommended  Practice  and 
the  "Rules  Governing  Track  Foremen,  Bridge  and  Building  Foremen 
and   Signal   Foremen,"   as   amended,  be   adopted. 

Mr.  C.  A.  Paquette  (Cleveland,  Cincinnati,  Chicago  &  St. 
Louis)  : — Before  passing  that  motion,  I  would  like  to  go  back  to  the 
third  paragraph  of  the  general  rules.  The  rule  says,  "Co-operation  is 
required  between  all-  employes  whose  work  or  duties  may  be  jointly 
affected."  I  think  the  word  "among"  should  be  substituted  for  "be- . 
tween." 

Mr.  Barnard : — I  suggest  that  question  be  referred  to  Professor 
Pence. 

The  President : — The  chairman  of  the  Committee  declines  to 
take  the  responsibility,  and  suggests  that  Professor  Pence  might  have 
a  word   to   say   about   that. 

Mr.  L.  C.  Fritch : — It  seems  to  me  we  are  losing  time  on  a 
small  point  like  this.  It  is  well  known  that  according  to  grammatical 
rules  two  persons  are  concerned  in  "between,"  and  more  than  two 
are    concerned    in    "among." 
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Mr.  Barnard: — While  it  may  not  be  grammatically  correct,  it  is 
common  usage.  I  think  it  is  the  phraseology  you  generally  see,  and, 
I   believe,  proper. 

Mr.    L.    C.    Fritch : — It    is    incoirect,    nevertheless. 

Mr.  Wendt : — Before  this  motion  passes,  I  want  to  call  atten- 
tion to  the  fact  that  the  rules  which  arc  approved  for  the  Manual 
should  be  consistent  with  any  work  that  has  been  done  heretofore, 
otherwise  the  work  done  heretofore  should  be  changed.  Some  two  or 
more  years  ago  the  Track  Committee  submitted  certain  rules  which 
Vvere  adopted  under  the  heading  of  "Inspection  of  Track."  They  are 
found  on  page  66  of  the  Manual  of  1907 — six  rules  in  all  are  included. 
Five  of  these  rules  relate  to  the  duties  of  Section  Foreman  or 
Trackwalker,  and  the  sixth  rule  relates  to  the  duty  of   Supervisors. 

I  simply  call  attention  to  this  matter,  without  making  a  motion, 
that  the  work  which  has  now  been  submitted  by  the  Committee 
on  Uniform  Rules  should  refer  to,  or  modify,  these  rules  on  page 
66  of  the  Manual.  Rule  3  submitted  to-day,  under  the  head  of  "Sec- 
tion Foremen,"  relates  to  the  duty  of  Section  Foremen  in  connection 
with  the  inspection  of  the  track  each  day.  Rule  i  in  the  Manual,  un- 
der the  heading  "Inspection  of  Track,"  suggests  that  except  in  cases 
of  railroads  of  very  light  traffic  Ihe  main  track  should  be  inspected 
each  day  by  the  section  gang,  or  trackwalker.  In  that  case  we  have 
approved  the  principle  that  except  in  cases  of  roads  of  light  traffic 
the  main  track  should  be  inspected  either  by  the  gang  as  a  whole,  or 
by  a  delegated  trackwalker.  There  arg  no  great  inconsistencies  be- 
tween the   two  rules,   but   they  should   harmonize. 

Furthermore,  we  might  save  some  space  in  the  Manual,  and 
might  save  a  repetition  of  words,  if  all  rules  commonly  applicable 
to  foremen,  whether  of  track  or  bridges  or  buildings  or  signals,  were 
grouped  under  one  heading,  that  heading  being  "Foremen."  In  the 
rules  now  submitted  there  are  differences  of  phraseology  in  the  same 
rules  where  they  are  written  for  the  three  different  classifications  of 
foremen.  Personally,  I  think  that  some  time  in  the  future  we  should 
group  all  rules  generally  applicable  to  foremen  under  one  heading, 
these  rules  being  such  as  pertain  to  safety  of  operation.  Following 
that,  we  should  have  special  rules  for  the  different  foremen  relating 
to  their  special  duties  in  connection  with  their  methods  of  work. 
Furthermore,  the  rules  should  be  supplemented  in  several  respects ;  for 
illustration,  the  duty  of  track  foremen  in  relation  to  the  company's 
telegraph  system  is  not  definitely  .stated,  and  there  are  other  features 
concerning   which    additional    rules    may   be    added    in    the    future. 

The  President : — The  chair,  before  putting  the  motion  for  the 
adoption  of  the  rules,  desires  to  say,  in  regard  to  one  of  the  works 
which  was  uppermost  in  the  late  Mr.  Berg's  mind,  namely,  safeguarding 
the  interests  of-  the  Manual,  a  work  which  was  carried  out  by  him 
very  effectively,  that  the  Board  of  Direction  have  appointed  Mr.  Edwin 
F.  Wendt  to  continue  that  particular  line  of  duty  that  Mr.  Berg  was  so. 
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eminently  fitted  for.  It  is  no  doubt  an  arduous  task,  but  I  am  sure 
the  Association  recognizes  Mr.  Wendt's  ability  for  taking  charge  of 
any  hard  and  close  work,  and  he  will  do  so  through  the  various 
sessions  of  this  convention.  The  chair  makes  this  announcement,  be- 
cause Mr.  Wendt  may  have  to  take  the  floor  quite  frequently.  Arc 
you   now    ready    for   the   question? 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines)  : — I  would  like  to  say 
a  word  before  the  members  vote  on  this,  and  that  is  that  they 
should  ask  themselves  the  question :  Will  I  make  use  of  these  rules 
when  I  go  back  home,  in  formulating  my  rules  for  the  organization 
of  a  Maintenance  of  Way  Department?  It  is  a  very  pertinent  ques- 
tion to  ask,  and  it  is  our  desire  to  have  such  matters  in  our  Pro- 
ceedings as  we  can  stand  by  and  make  use  of  as  much  as  possible. 

(Motion  carried.) 

The  President : — The  recommendations  of  the  Committee  on  Uni- 
form Rules,  as  amended,  have  been  adopted,  and  the  Committee 
is  excused  with  the  thanks  of  the  Association. 


REPORT  OF  COMMITTEE   NO.    X— ON    SIGNALING 
.     AND    INTERLOCKING. 

To  the  Members  of  the  American  Raihvay  Engineering  and  Maintenance 
of   Way  Association: 

During  the  past  year  your  Committee  on  Signaling  and  Interlock- 
ing held  meetings  as    follows : 

March  i8,  at  Chicago ;  present,  Messrs.  Anthony,  Clausen,  Hovey, 
Mock,  Patenall,  Peabody,  Rhea,  Stevens  and  Rudd,  Chairman.  Absent, 
Messrs.  Ames,  Balliet,  Ellis,  Scott,  Taussig,  Temple,  Waite  and  Wendt. 

May  13,  14  and  15,  at  Buffalo;  present,  Messrs.  Ames,  Anthony, 
Clausen,  Christofferson,  Ellis,  Hovey,  Mock,  Patenall,  Peabody,  Rhea, 
Scott,  Stevens  and  Rudd,  Chairman,  three  days;  Balliet,  Taussig  and 
Temple,  two  days;  Wendt,  one  day.     Absenr,  Messrs.   Cable   and  Waite. 

July  7,  8  and  9,  at  Detroit;  present,  Messrs.  Ames,  Anthony,  Chris- 
tofferson, Mock,  Patenall,  Peabody,  Rhea,  Stevens,  Temple,  Wendt  and 
Clausen,  Vice-Chairman.  Absent,  Messrs.  Balliet,  Cable,  Hovey,  Rudd, 
Scott,  Taussig  and  Waite. 

November  18  and  19,  at  Chicago ;  present,  iMessrs.  Anthony,  Cable, 
Christofferson,  Ellis,  Patenall,  Rhea,  Scott,  Stevens,  Temple  and  Vice- 
Chairman  Clausen,  two  days;  Messrs.  Hovey,  Mock,  Peabody  and  Wendt, 
one  day.     Absent,   Messrs.  Ames,   BaUiet,  Rudd,  Taussig  and  Waite. 

Sub-Committees  were  appointed  as  follows : 

A — Aspects:  Messrs.  Mock,  Rhea  and  Hovey,  Chairman;  later, 
Stevens  substituted  for  Hovey,  and  Patenall  still  later  for  Rhea,  and  at 
the  November  meeting  Messrs.  Cable,  Scott  and  Peabody  were  added 
to  the  Committee.  As  at  present  constituted,  Messrs.  Cable,  Mock. 
Patenall,    Peabody,    Scott   and    Stevens,    Chairman. 

B — Standard  Contract:  Messrs.  Stevens,  Peabody  and  Rhea,  Chair- 
man. 

C — Switchstands :     Messrs.  Clausen,   Rhea  and  Mock,   Chairman. 

D — Revision  of  Manual:  Messrs.  Patenall,  Wendt  and  Stevens, 
Chairman. 

E — To  Confer  with  Committee  No.  XI  on  Symbols:  Messrs.  Ellis, 
Hovey  and  Peabody,  Chairman. 

F — Standard  Designs:  Messrs.  Anthony,  Ellis — later  substituted  by 
Stevens — Patenall,  Peabody  and  Mock,  Chairman. 

There  were  six  subjects  specifically  assigned  to  the  Committee,  as 
follows : 

(i)     Mechanical  Interlocking  Specifications. 
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(2)  Electric  Interlocking  Specifications. 

(3)  Rubber-covered  Wire  Specifications. 

(4)  Prepare    Standard    Interlocking   Agreement    for   Signal    Work, 

Assigned  to  Sub-Committee  B. 

(5)  Prepare   Outline  and  Description  of  a  "Comprehensive  System 

for   Uniform  Signaling  Suitable  for  General  Adoption." 

(6)  Confer  with    Track   Committee   Relative   to   Switchstands ,   As- 

signed to  Sub-Committee  C. 

(7)  Revision  of  the  Manual,  Under  General  Instructions,  Assigned 

to  Sub-Committee  D. 

(8)  Conference  on  Symbols,  which  is  not  printed  in  the  Instructions 

to  Committee  No.  X,  but  is  covered  under  Instruction  No.  2 
to   Committee  No.   XI. 

SUB-COMMITTEE  A,  SUBJECT  NO.  5,  ASPECTS. 

This  Sub-Committee  made  reports  to  the  General  Committee  in 
May  and  July,  and  its  report  is  included  under  Subject  No.  5. 

SUB-COMMITTEE     B,     SUBJECT    NO.     4,     STANDARD    INTER- 
LOCKING  AGREEMENT. 

PROGRESS     REPORT. 

One  of  the  subjects  assigned  to  Committee  No.  X  for  the  year 
1906-1907  was  the  preparation  of  a  standard  agreement  covering  the 
construction,  renewal,  maintenance  and  operation  of  joint  interlocking 
plants  and  the  proper  apportionment  of  expenses  incident  thereto. 

At  the  1907  annual  meeting  a  progress  report  was  made,  over  which 
ensued  considerable  discussion,  especially  as  to  the  proper  division  of 
operating  expenses. 

There  was  submitted  and  adopted  in  connection  with  this  progress 
report  a  table  of  operated  units  and  values  of  same  as  a  basis  for  the 
division  of  construction,  renewal  and  maintenance  expenses.  This  should 
be  expressed  in  more  specific  language  and  necessary  additions  pro- 
vided, as  follows: 

TABLE    OF    OPERATED     UNITS. 

Name  of  Operated  Unit.  Value. 

Each  signal  arm  working  in  two  or  three  positions i  unit 

Each  power  signal  arm  working  in  two  or  three  positions  on  me- 
chanical plants,  normal  indication  locking  included 2  units 

Each   pair    of    switch    points i  unit 

Each  single  slip  switch    (2  pairs  of  switch  points) 2  units 

Each  double  slip  switch    (4  pairs  of  switch  points) 4  units 

Each  set  of  movable  point  frogs  (2  pairs  of  frog  points) 2  units 

Each  derail  i  unit 

Each  55  ft.  of  detector  bar  with  or  without  locks I  unit 

Each    torpedo    placer i  unit 


SIGNALING   AND    INTERLOCKING.  73 

Each   drawbridge   coupler i  unit 

Each  drawbridge  rail  surface  and  alinement  lock  for  one  pair  of 

rails   I  unit 

Each  drawbridge  leveling  and  operating  apparatus   lock i  unit 

Each    track    circuit .1  unit 

HISTORICAL. 

In  the  past  the  division  of  expense  at  joint  interlocking  plants,  par- 
ticularly those  covering  grade  crossings,  seems  to  have  followed  no 
clearly  defined  principles.  There  has  been  a  growing  tendency,  how- 
ever, in  recent  years,  to  divide  all  the  expense  on  what  is  known  as  lever, 
function  or  operated  unit  bases,  which  might  in  brief  be  said  to  be  an 
attempt  to  apply  the  principle  that  each  company  pays  for  what  it  gets. 

An  examination  of  the  State  laws  and  rulings  of  the  various  State 
Railroad  Commissions  does  not  provide  us  with  any  uniform  method. 
In  a  number  of  cases  Railroad  Commissions  have  ruled  on  one  of  the 
above  bases;  in  other  instances  it  is  difficult  to  determine  the  principle, 
if  any,  on  which  the  orders  have  been  based.  In  certain  States  the 
laws  are  considered  by  some  to  be  inequitable  to  the  new  companies, 
and  in  others  to  the  existing  companies.  At  times  the  orders  made 
have  taken  into  account  existing  agreements ;  at  other  times  such  agree- 
ments have  been  wholly  ignored.  In  some  cases  the  orders  have  been 
made  in  line  of  the  precedents  established  by  former  orders,  and  at 
other  times  the  weight  of  precedent  has  been  ignored.  For  these  rea- 
sons your  Committee  believes  it  would  be  of  material  value  for  this 
Association  to  make  recommendations  based  on  correct  principles. 

PROPER    BASIS. 

Your  Committee  has  endeavored  to  eliminate  the  relations  of  its 
members  to  their  respective  employing  companies  and  consider  the  sub- 
ject as  they  would  if  employed  as  experts.  Assuming  such  a  position, 
no.  doubt  many  bases  of  division  might  be  given  an  argumentative  hear- 
ing, but  the  test,  which  we  have  considered  as  conclusive,  is  as  follows : 
the  responsibility   of  al'    carriers   in   safeguarding  and   expediting   traffic. 

To  properly  consider  all  the  various  relations  which  arise,  it  seems 
best  to  make  the  following  classification  of  agreements: 

Class  A. 

Agreement  covering  the  construction  of  an  interlocking  at  an  exist- 
ing crossing  where  there  may  be  or  may  not  be  agreements  covering 
the  renewal  and  maintenance  of  such  crossing  and  the  providing  ol 
crossing  watchmen   and   watching  facilities. 

Class  B. 

Agreement  covering  the  construction  of  the  crossing  of  a  new  line 
with  existing  lines  and  the  extension  of  an  existing  interlocking  to 
protect   the   new   crossing. 
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Class  C. 

Agreement  covering  the  construction  of  a  new  crossing  to  be  pro- 
tected  with  interlocking. 

This  division  into  the  above  classes  is  necessary  for  the  reason  that 
the  diflferent  types  of  situation  require  somewhat  different  treatment  in 
each  instance;  for  example,  in  Class  "A"  there  may  be  existing  agree- 
ments to  which  proper  consideration  should  be  given  as  bearing  on  the 
providing  of  fixed  arbitraries. 

The  completeness  of  the  installation,  after  certain  primary  re- 
•quirements,  is  in  a  measure  elective  by  each  interested  party,  and  the 
construction,  renewal  and  maintenance  expense  is  approximately  pro- 
portional to  the  increase  or  decrease  of  the  operated  units.  Therefore 
the  expense  for  construction,  renewal  and  maintenance,  or  the  residue 
after  proper  consideration  has  been  given  to  prevailing  agreements, 
should  be  divided  in  the  same  proportions  as  the  number  of  operated 
units  assigned  to  the  various  companies  bears  to  the  whole  number  of 
operated  units  of  the  plant.  Each  percentage  will  then  represent  the 
actual  ownership  of  an  interested  party  and  is  the  measure  of  its 
responsibility  as  a  carrier.  This  basis  of  division,  therefore,  results 
approximately  in  each  interested  party  paying  directly  as  to  the  owner- 
ship and  as  influenced  by  its  requirements,  or,  in  other  words,  depends 
directly    on   what   it  gets. 

As  operating  expenses  are  not  directly  or  even  approximately  in 
proportion  to  an  increase  or  decrease  of  operated  units,  the  present 
tendency  to  use  such  a  basis  of  division  is  neither  correct  in  principle 
nor  equitable  in  results.  Neither  is  the  operating  expense  even  ap- 
proximately affected  by  the  amount  of  traffic  handled  and,  therefore,  a 
division  of  expense  on  a  wheelage  basis  is  not  correct  in  principle  nor 
would  it  be  equitable  as  to  results ;  in  addition  it  would  be  bother- 
some and  constantly  changing  on  account  of  the  variation  in  the  volume 
of  traffic. 

As  the  signalmen  must  of  necessity  be  considered  as  joint  em- 
ployes, and  as  the  operation  of  an  interlocking  plant  is  not  so  much  a 
question  of  the  amount  of  work  to  be  performed  as  of  the  fact  that 
attendants  must  be  on  duty  at  all  times,  the  most  equitable  division  of 
operating  expenses  is,  first,  a  proper  consideration  provided  in  the  form 
of  arbitraries  as  required  by  already  existing  agreements,  and,  second, 
the  division  of  operating  expenses,  or  such  residue  as  is  left  after  above 
treatment,  into  as  many  parts  as  there  are  interested  parties.  If,  how- 
ever, either  party  adds  facilities  that  are  for  its  exclusive  benefit,  and 
such  additions  then  or  at  any  future  time  add  to  the  cost  of  operation, 
the  party  making  these  additions  should  bear  the  burden  of  such  in- 
crease; as,  for  example,  adding  block  signals  and  requiring  operators 
instead  of  levermen  when  levermen  only  would  be  required  to  take 
care  of  the  primary  situation. 
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With  the  above  in  mind,  your  Committee  submits  herewith  a  draft 
of  agreement  Class  "A,"  to  be  used  as  a  guide  for  discussion.  In 
some  cases  alternate  paragraphs  are  suggested  to  cover  different  condi- 
tions which  may  exist. 

S.A.MPLE    AGREEMENT — CLASS    A. 

Preatnble. 

THIS   AGREEMENT,  made   and   entered  into  this    day  of 

,  A.  D.,  by  and  between  the  A  and  B  Company,  hereinafter 

called  the  X  Companj^,  party  of  the  first  part,  and  the  C  and  D  Com- 
pany, hereinafter  called  the  Y  Company,  party  of  the  second  part, 
IVitnesseth : 

Whereas,    the    roads    of    the    respective    parties    now    intersect    and 

cross  each  other  at  ,  as  provided  for  in  an  agreement  made  and 

entered   into    the    ....    day    of    A.    D.,    by    and    between    the 

E  and  F  Company  of  the  first  part  and  the  G  and  H  Compan;y_  of 
the  second  part,  of  which  the  said  X  Company  and  said  Y  Company 
are  the  respective  successors,  and 

Whereas,  the  parties  are  mutually  desirous  of  erecting,  renewing, 
maintaining  and  operating  an  interlocking  plant  at  said  crossing  to 
facilitate  and  render  more  safe  the  passage  of  trains  over  the  same,  the 
location'  of  said  crossing  being  identified,  and  the  said  interlocking  plant 

to  be  arranged  as  shown  upon  blueprint  dated  ,  identified  by  the 

signature  of  the  Engineer  of  the  first  party,  and  the   

Engineer  of  the  second  party,  attached  hereto,  marked  Exhibit  "A," 
and  hereby  made  a  part  of  this  agreement,  and 

Whereas,  the  parties  hereto  have  agreed  upon  the  terms  and  con- 
ditions upon  which  said  interlocking  plant,  as  shown  by  said  Exhibit 
"A,"  shall  be  constructed,  renewed,  maintained  and  operated; 

Now  Therefore,  in  consideration  of  the  premises,'  and  in  furthei 
consideration  of  the  mutual  covenants  and  agreements  hereinafter  stipn- 
lated  to  be  kept  and  performed,  it  is  agreed  between  the  parties  for  the 
purpose  of  defining  the  terms  and  conditions  upon  which  said  interlock- 
ing plant  shall  be  constructed,  renewed,  maintained  and  operated,  as 
follows : 

First — The  said  X  Company  agrees  to  construct  an  interlocking 
plant  as  shown  upon  said  Exhibit  "A,"  and  in  accordance  with  the 
specifications  to  be  approved  by  the  above-named  Engineers,  under  the 
operation  of  which  trains  of  either  party  may,  pursuant  to  the  laws  of 

the  State  of  ,  pass  over  the  tracks  of  the  other  party  without 

coming  to  a  stop.  The  cost  of  removing  any  existing  safety  devices  or 
appliances  shall  be  divided  in  like  manner,  as  the  cost  of  the  former 
renewal  .  and  maintenance  expense  of  said  devices  or  appliances  has 
been  heretofore  divided. 

Second — The  cost  of  constructing,  renewing  and  maintaining  said 
interlocking  plant,  as  shown  upon  said   Exhibit  "A,"  shall   be  borne  on 
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an  operated  unit  basis  by  the  parties  hereto  in  the  proportion  that  the 
total  number  of  operated  units  used  to  interlock  the  tracks  of  each  of 
the  respective  parties,  bears  to  the  total  number  of  operated  units  of 
the  complete  interlocking  plant,  as  shown  by  the  table  of  operated  units 
on  said  Exhibit  "A." 

Third — (a)  The  cost  of  operating  said  interlocking  plant,  a3 
shown  by  said  Exhibit  "A,"  shall  be  borne  equally  by  the  parties  hereto, 
(b)  The  cost  of  operating  said  interlocking  plant  shall  be 
borne  as  follows : 

Said    Company    shall    pay    the    sum    of    Dollars 

($ )  per  month,  the  amount  which  it  now  pays  for  railway  cross- 
ing watchmen,  their  supplies,  and  maintenance  of  railway  crossing  gates ; 
the  balance  of  said  operating  expenses  shall  be  divided  equally  between 
the  parties  hereto. 

Note. — (a)    and    (b)    to  be  used   as  circumstances   require. 

Fourth — All  extensions  or  changes  of  said  interlocking  plant  aris- 
ing from  changes  made  in  any  existing  track  or  tracks,  or  made  to 
cover  any  future  track  or  tracks  or  connections  which  either  party  may 
have  the  right  to  construct,  or  which  may  be  required  by  reason  of  any 
changes  made  in  the  standard  appliances  of  either  Company,  or  ordered 
by  proper  authority,  shall  be  made  by  said  X  Company  and  the  first 
cost  of  such  extensions  or  changes  shall  be  borne  by  the  party  hereto 
for  whose  benefit  said  extensions  or  changes  are  made,  and  the  amount 
chargeable  for  renewal  and  maintenance  to  each  party  in  such  case  is  to 
be  determined  by  the  proportion  which  the  total  number  of  operated 
units  then  used  to  interlock  the  tracks  of  each  of  the  respective  parties, 
bears  to  the  total  number  of  operated  units  of  the  complete  interlocking 
plant. 

Fifth — The  renewal  and  maintenance  of  said  interlocking  plant 
shall  be  under  the  sole  charge  and  control  of  said  X  Company,  and  it 
shall  employ  competent  persons  to  renew  and  maintain  the  same,  and 
such  parties  from  time  to  time  so  employed  shall  be  considered  as 
joint  employes  of  the  parties  hereto  and  shall  be  removed  for  good  and 
sufficient  reasons  upon  request  in  writing  of  the  general  managing 
officer  of  the  said  Y  Company. 

And  it  is  further  mutually  agreed  and  understood  that  in  event 
said  Y  Company  shall  in  writing  notify  said  X  Company  of  renewals 
and  repairs  that  may  be  necessary  for  the  safe  and  proper  operation  of 
the  said  interlocking  plant,  and  if  said  X  Company  neglects  for  a  period 
of  30  days  to  make  said  necessary  renewals  and  repairs,  then  said  Y 
Company  shall  have  the  right  to  make  such  renewals  and  repairs,  and 
said  X  Company,  upon  presentation  of  the  proper  bills  therefor,  will 
pay  its  proportion  of  the  amount  so  expended. 

Sixth — The  operation  of  said  interlocking  plant  shall  be  under  the 
sole  charge  and  control  of  said  X  Company,  and  it  shall  employ  com- 
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petent  persons  to  operate  the  same,  and  such  persons  from  time  to  time 
so  employed  shall  be  considered  as  joint  employes  of  the  parties  hereto 
and  shall  be  removed  for  good  and  sufficient  reasons  upon  request  in 
writing  of  the  general  managing  officer  of  the  said  Y  Company;  and  it 
is  further  mutually  understood  that  either  Company  may  use  the  signal- 
men in  its  telegraph  or  telephone  service,  but  in  event  additional  expense 
is  so  incurred,  on  account  of  increased  wages  of  operators  over  levermen, 
the  Company  using  the  operators  in  its  service  shall  bear  the  addi- 
tional expense. 

Seventh — The  salaries  of  employes  connected  with  maintenance, 
renewal  and  operation  of  the  interlocking  plant  .shall  be  the  same  as 
the  standard  salaries  paid  by  the  X  Company  for  similar  service  to  its 
other  employes  in  the  territory  of  the  said  X  Company's  Di- 
vision. 

Eighth — The  payment  of  all  bills  under  this  agreement  shall  be 
made  not  later  than  the  twenty-fifth  day  of  the  month  following  the 
month  in  which  said  bills  are  rendered.  The  bill  for  expense  of  con- 
struction shall  be  made  as  a  final  bill,  unless  otherwise  mutually  agreed 
and  understood.  In  the  event  that  partial  bills  for  expense  of  construc- 
tion are  rendered,  each  such  partial  bill  shall  not  only  show  fully  the 
part  of  the  construction  expense  to  be  paid  by  such  bill,  but  shall  also 
include  a  statement  of  all  construction  expense  which  has  been  covered 
by  any  partial  bills  which  may  have  been  rendered  and  paid  previously. 

Ninth — In  making  bills  for  the  cost  and  expense  of  construction, 
renewing  and  maintaining  said  interlocking  plant,  all  labor  and  material 
shall  be  charged  for  at  actual  cost,  plus  . .  per  cent,  added  to  material 
and  . .  per  cent,  to  labor  for  handling,  superintendence,  use  of  tools  and 
accounting. 

The  labor  for  the  operation  of  said  plant  shall  be  charged  for  at 
its  actual  cost,  without  the  addition  of  any  percentage. 

Note. — Your  attention  is  called  to  the  fact  that  no  provision  is 
made  for  the  $5  monthly  charge,  provided  for  in  the  rules  of  the  Gen- 
eral Managers'  Association  of  Chicago.  Your  Committee  feels  that 
this  charge  should  be  discontinued,  for  the  reason  that  this  is  an  organi- 
zation charge. 

Tenth — Each  of  the  parties  hereto,  will,  without  cost  to  the  other, 
furnish  and  install  its  own  derails,  switch  rods,  special  switch  and 
derail  timbers,  insulated  track  joints,  cross-arms,  pins  and  insulators, 
and  will  renew  and  maintain  them  from  time  to  time  thereafter;  like- 
wise, without  cost  to  the  other  party,  do  all  the  trackwork  and  grading 
along  its  own  tracks  necessary  to  prepare  the  same  for  the  installation 
of  said  interlocking  plant,  and  will  also  provide  and  maintain  proper 
drainage    upon   its    right-of-way. 

Eleventh — Each  of  the  parties  hereto  will  at  its  own  expense  keep 
all  switches  and  derails  in  its  own  tracks  free  from  ice,  snow,  dirt  or 
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other  obstructions  which  may  interfere  in  any  way  with  the  proper 
working  of  said  interlocking  plant,  and  in  case  either  party  fails  so  to 
do,  the  other  party  shall  have  the  right  to  enter  upon  the  premises  of 
the  party  at  fault  and  remove  such  ice,  snow,  dirt  or  other  obstructions, 
in  which  event  the  party  at  fault  shall  reimburse  the  party  doing  such 
work  for  all  expense  thereby  incurred,  plus  . .  per  cent,  to  cover  super- 
intendence, use  of  tools  and  accounting. 

Twelfth — Each  party  hereto  shall  pay  for  all  loss,  damage  and  ex- 
pense caused  by  its  separate  agents  or  employes,  either  to  the  inter- 
locking plant,  to  the  property  of  the  other  party,  or  to  others  not 
parties  to  this  agreement. 

All  loss,  damage  and  expense  caused  by  the  individual  negligence 
of  employes  connected  with  the  construction,  renewal,  maintenance  or 
operation  of  the  interlocking  plant,  or  by  the  combined  negligence  of 
such  parties  hereto,  or  by  failure  of  any  part  of  the  interlocking  plant, 
shall  be  borne  and  paid  for  by  the  party  hereto  that  may  be  using  the 
interlocking  plant  at  the  time  such  loss,  damage  and  expense  occurs, 
and,  if  same  shall  occur  while  the  trains  of  both  of  the  parties  hereto 
are  at  the  crossing,  or  shall  be  caused  by  the  combined  negligence  of 
the  separate  employes  of  the  parties  hereto,  each  party  therein  in- 
volved shall  bear  and  pay  for  all  loss,  damage,  and  expense  caused  to 
its  own  property,  or  to  persons  or  property  in  its  charge ;  all  other  loss, 
damage  and  expense  caused  as  above  shall  be  borne  and  paid  for 
equally  by  the  parties  therein  involved. 

Thirteenth — It  is  further  distinctly  understood  and  agreed  that  any 
and  all  agreements  relative  to  said  crossing  existing  between  the  parties 
hereto,  or  their  predecessors,  so  far  as  they  conflict,  or  are  inconsistent 
with  the  terms  and  provisions  of  this  agreement,  are  hereby  annulled, 
but  in  all  other  respects  shall  continue  in  force  and  virtue. 

Fourteenth — Should  any  dispute  arise  between  the  parties  to  this 
agreement  concerning  obligations  or  rights  of  either  of  them  hereunder, 
the  same  shall  be  referred  to  a  board  of  three  arbitrators,  one  to  be 
chosen  by  each  party  hereto  and  the  third  by  the  two  so  chosen.  If 
either  party  shall  fail  to  appoint  its  arbitrator  within  fifteen  (15) 
days  after  the  party  desiring  arbitration  has  appointed  its  arbitrator, 
and  given  written  notice  to  the  other  of  such  appointment  and  of  the 
matter  proposed  to  be  arbitrated,  then  the  arbitrator  so  appointed  shall 
appoint  an  arbitrator  for  the  defaulting  party  and  the  two  so  appointed 
shall  appoint  the  third  to  complete  the  board  as  above  provided,  and 
said  board  so  appointed  shall  hear  and  decide  the  dispute,  and  assess 
the  expenses  of  arbitration.  The  decision  of  said  arbitrators  chosen 
in  either  of  said  ways,  or  that  of  a  majority  of  them,  shall  be  final  and 
conclusive  between  the  parties  upon  the  matters  concerning  which  arbi- 
tration was  demanded.  ;, 

Fifteenth — The  provisions  of  this  agreement  shall  be  binding  upon 
and  inure  to  the  benefit  of  the  parties  hereto,  their  successors,  lessees 
and  assigns. 
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In  Testimony  Whereof,  the  parties  have  caused  these  presents  to 
be  executed  in  duplicate  by  their  respective  proper  officers  as  of  the  day 
and  year  first  above  written. 

The  A  &  B  R.  R.  Company 
Attest:  By 

Sec'y.  -  

(Seal.) 

The  C  &  D  R.  R.  Company 
Attest:  By 

Sec'y-  

(Seal.) 

Your  Committee  submits  the  above  as  a  Progress  Report  for  the 
following  reasons : 

(i)  The  table  of  operated  units  and  values  being  of  a  technical 
character,  from  a  signal  standpoint,  should  be  considered  and  acted  on 
by  the  Railway  Signal  Association ;  that  Association  fully  completing 
table  and  assigning  proper  value  to  each  operated  unit. 

(2)  As  a  number  of  the  points  are  to  be  covered  for  the  proper 
protection  at  new  crossings,  on  account  of  the  growing  use  of  electric 
traction  and,  as  these  are  also  matters  of  a  technical  nature,  from  a 
signal  standpoint  the  best  results  will  be  obtained  by  having  the  Railway 
Signal  Association  take  proper  action,  permitting  of  these  provisions 
being  incorporated   in   drafts   of  sample   agreements   B   and   C. 

(3)  It  is  felt  that  this  Progress  Report  sufficiently  develops  the 
principles  involved  to  permit  of  their  full  discussion  and  adoption  of  such 
conclusions  as  will  definitely  settle  the  bases  for  the  proper  division  of 
construction,   renewa\   maintenance   and   operating   expenses. 

The  Railway  Signal  Association  has  already  taken  in  hand  the  con- 
sideration of  the  two  points  above-mentioned,  and  its  action  will  no 
doubt  be   available    for   next   year's    report. 

CONCLUSIONS. 

(i)  That  existing  agreements  should  be  given  due  consideration 
in  the  form  of  arbitraries  in  the  division  of  construction,  renewal, 
maintenance    and    operating    expenses. 

(2)  That  the  proper  division  of  construction,  renewal  and  mainte- 
nance expenses  is  on  an  operated-unit  basis,  each  party  paying  for 
what  is  required  to  interlock  its  tracks,  or  the  residue,  where  there 
are  existing  agreements   requiring  fixed   arbitraries. 

(3)  The  primary  operating  expense,  or  the  residue  after  deduct- 
ing such  arbitraries  as  may  be  required  by  existing  agreements,  should 
be  equally  divided  among  the  several  parties  interested.  Where  oper- 
ating expenses  are  increased  by  facilities  for  the  exclusive  use  of  one 
party,  such  party  for  whose  benefit  such  facilities  are  provided  should 
pay  the  entire  additional  operating  expense. 
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The  entire  Committee  endorses  these  conclusions,  and  recommends 
the  adoption  of  the  report  as  a  progress  report,  requesting  discussion 
to  bring  out  any  points  at  variance  with  this  report. 

SUB-COMMITTEE  C,  SUBJECT  NO.  6,  SWITCHSTANDS. 

Mr.  L.  S.  Rose,  Chairman  of  Committee  No.  V,  on  Track,  advised 
that  his  Committee  was  not  ready  to  handle  the  question  of  switch- 
stands,  which  could  go  over  until  next  year.  In  view  of  the  fact  that 
report  on  Aspects  of  Committee  No.  X  is  a  progress  report  and  not 
completed,  your  Committee  No.  X  felt  that  it  was  not  in  a  position  to 
urge  action  this  year.  It  is  admitted,  we  believe,  by  Committee  No.  V, 
on  Track,  that  part  of  a  switchstand  is  a  signal,  and  that  Committee 
No.  X  should  make  a  recommendation  regarding  the  aspect  of  same, 
so  that  it  will  not  conflict  with  the  recommended  uniform  system. 

SUB-COM'MITTEE   D,   REVISION   OF  MANUAL. 

In  view  of  the  fact  that  Committee  No.  X  has  not  completed  the 
Aspects  for  a  Uniform  System  of  Signaling,  your  Sub-Committee  rec- 
ommends that  no  changes  in  the  Manual  be  made,  except  such  as  may 
be  made  necessary  by  the  approval,  on  the  part  of  the  Association,  of 
the  specifications  and  standards  submitted  this  year. 

Committee  No.  X  endorses  the  recommendation  of  Sub-Committee  D. 

SUB-COMMITTEE    E,    CONFERENCE    ON    SYMBOLS. 

A  meeting  with  Sub-Committee  of  Committee  No.  XI,  on  Records, 
Reports  and  Accounts,  was  arranged  for  February  22,  but  not  held; 
meeting  was  held  June  5.  The  result  of  this  meeting  was  presented 
to  General  Committee  No.  X  at  Detroit  in  July,  adopted,  and,  on  July 
10,  blueprints  of  the  revised  symbols  were  forwarded  to  the  Chairman 
of  the  Sub-Committee  of  Committee  on  Records,  Reports  and  Accounts, 
with  the  statement  that  Committee  No.  X  wishes  it  understood  that 
the  proposed  symbols  will  be  subject  to  change  when  the  question  of 
Aspects  of  Signals  is  completed. 

SUBJECT    NO.    I,    MECHANICAL    INTERLOCKING 
SPECIFICATIONS. 

Specifications  for  Mechanical  Interlocking  and  Material  for  Con- 
struction Work  were  adopted  by  this  Association  in  1907,  they  being 
the  specifications  adopted  by  the  Railway  Signal  Association  at  its 
annual  convention  in  igo6.  Since  that  time  a  number  of  improvements 
have  been  made  in  signaling,  and  Standing  Committee,  known  as  Com- 
mittee No.  II,  of  the  Railway  Signal  Association,  has  been  at  work 
revising  these  specifications  and  reconciling  as  far  as  possible  their  re- 
quirements   with    those    of   other    specifications.    The    report    follows: 
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REPORT     ON     PROTECTION     OF     DRAWBRIDGES^     LIFT     RAILS,     ETC. 

(Committee    No.   II — Railway    Signal   Association.) 

The  protection  of  train  movements  over  drawbridges  by  interlock- 
ing is  by  no  means  a  new  departure  in  the  signaling  world,  but  very 
little  progress  has  been  made  toward  the  establishment  of  uniform 
methods  of  application,  the  different  methods  in  vogue  having  been  con- 
sidered good  practice  by  all  roads  employing  them. 

The  strides  that  have  been  made  in  the  development  of  railway 
signaling  devices  in  recent  years  are  remarkable,  but  it  is  notable  that 
until  recently  very  little  improvement  has  been  made  in  the  locking  of 
drawbridges  and  lift  rails,  and  it  seems  strange  that  in  the  midst  of  all 
the  achievements  in  signal  devices,  that  a  matter  of  such  obvious 
importance   should  have   received  such   scant  attention. 

In  connection  with  drawbridges  (from  a  transportation  standpoint) 
the  points  of  least  security  are  the  lift  rails  at  their  junction  with  the 
shore  rails,  and  as  every  consideration  of  safety  demands  that  the 
track  over  the  draw  be  as  substantial  as  at  any  other  point,  we  find  the 
inevitable  slow  sign  with  its  consequent  interference  with  the  up-to- 
date  movements  of  trains  as  a  result,  and  in  numerous  instances,  a  full 
stop,  before  crossing  the  draw,  is  deemed  a  necessary  precaution. 

In  order  to  eliminate  the  conditions  of  least  security,  the  lift  rails 
should  be  connected  in  such  a  manner  as  to  make  it  necessary  for  them 
to  be  in  perfectly  proper  and  safe  position,  both  laterally  and  vertically, 
before  they  can  be  locked  and  signals  given  to  proceed  over  the  draw, 
and  it  is  important  that  the  locking  device  provided  be  of  a  simple  and 
appropriate  design  so  that  its  maintenance  will  introduce  no  complica- 
tions. 

It  is  also  necessary  to  prevent  the  application  of  power  for  the 
purpose  of  withdrawing  the  bridge  latch  or  opening  the  draw  while 
the  lift  rails  are  locked  and  signals  indicate  proceed. 

Having  in  mind  the  lack  of  uniformity  as  described  in  the  foregoing, 
your  Committee  has  endeavored  to  formulate  such  recommendations 
as  would  have  a  tendency  to  reduce  to  a  minimum  the  number  of 
different  methods  of  application,  but  owing  to  the  many  different  de- 
signs of  drawbridges  and  methods  of  operation,  we  are  unable  to  recom- 
mend any  standard  apparatus  or  methods  of  locking  that  would  be 
suitable  for  all,  and  owing  to  the  different  requirements  and  condi- 
tions at  different  points,  we  cannot  consistently  recommend  any  uniform 
arrangement   of   signals,    etc. 

The  Standard  Specifications  for  Mechanical  Interlocking  submitted 
herewith,  have  been  so  rearranged  as  to  apply  to  about  all  drawbridge 
interlocking  installations  so  that  we  do  not  consider  any  special  clause 
on  this  account  necessary. 

The  following  are  the  drawbridge  recommendations  which  we  would 
submit  to  the  Association: 
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RECOMMENDATIONS     OF     COMMITTEE     NO.      II^ON      INTERLOCKING      PROTECTION 

OK     DRAWBRIDGES. 
SIGNALS. 

Signals  shall  be  provided  for  all  routes  approaching  the  draw  and 
shall  be  located  not  less  than  500  ft.  from  draw  in  direction  of  traffic, 
and  200  ft.  from  draw  in  reverse  direction,  un'ess  State  or  Federal 
authorities   prescribe   otherwise. 

High  home  signals  with  adequate  approach  information  should  be 
provided  for  current  of  traffic  and  dwarf  signals  for  reverse  and  other 
routes  approaching  the  draw. 

LOCKING. 

A  locking  arrangement  shall  be  provided  for  each  of  the  following 
purposes   before    signals    can   be    cleared : 

(a)  To  insure  that  the  bridge  is  in  proper  alinement. 

(b)  To  insure  that  all  bridge  surfacing  devices  are  in  their  proper 
position. 

(c)  To  lock  each   rail  in  proper  position  for  train   movement. 

(d)  To  prevent  the  application  of  power  for  purpose  of  with- 
drawing bridge  latch  or  opening  draw. 

Note, — The     Committee    considered     the    subject    of    suitable  rail 

locks    and    on    account    of    the    different    style    of    drawbridges    it  was 

deemed    inadvisable    to    recommend    any    particular    locking    device  and 
that  each   case  would   have   to  be  taken   up  on   its   own   merits. 

REPORT    ON     SOME    IMPROVEMENT     IN    FACING     POINT    LOCKS     OR     SOME    DEVICE 

IN     CONNECTION     WITH     THEM     TO     INSURE    THAT     SWITCH     HAS 

RESPONDED    TO    THE    POSITION    OF    THE    LEVER. 

Your  Committee  has  carefully  studied  the  subject  of  an  improvement 
in  facing  point  locks  to  detect  a  failure  of  switch  having  responded  to 
the  movement  of  the  lever,  but  after  exhaustive  discussion,  we  are  at 
this  time  unable  to  report  having  conceived  anything  practical  in  that 
line. 

The  only  mechanical  device  which  we  consider  effective  is  the  so- 
called  bolt  lock,  which  is  in  reality  a  detector  lock,  and  should  be  so 
known  (so  named).  The  bolt  lock  was  designed  and  employed  to  de- 
tect the  failure  of  switches,  derails,  movable  point  frogs,  etc.,  failing  to 
respond  to  the  movement  of  the  lever,  and  also  to  prevent  the  reversal 
of  such  switches,  derails,  movable  point  frogs,  etc.,  until  signal  govern- 
ing over  them  has  been  restored  to  the  stop  position. 

Owing  to  the  likelihood  of  an  accident  due  to  a  misplaced  mov- 
able facing  point  having  disastrous  results,  it  is  the  recognized  practice 
to  bolt  lock  them  with  unlimited  and  limited  speed  signals  governing 
over  them  as  far  as  practicable;  but  owing  to  the  complications  where 
a  signal  is  made  to  govern  two  or  more  routes,  it  is  often  found  im- 
practicable to  bolt  lock  all  the  movable  facing  points  in  each  route,  and 
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each  situation  must  be  considered  on  its  own  merits,  and  the  best  ar- 
rangement  of   bolt    locking   determined. 

It  is  not  the  recognized  practice  to  bolt  trailing  switches,  as  the 
facing  point  lock  is  deemed  sufficiently  reliable.  Should  a  trailing 
switch  be  run  through  in  the  wrong  position,  derailments  are  not 
likely  to  result. 

The  Committee  does  not  consider  the  safety,  derived  from  bolt  lock- 
ing switches  leading  to  high  speed  routes  with  slow  speed  and  reverse 
movement  signals,  sufficient  to  warrant  the  expense  and  complication 
which  their  installation   would   entail. 

When  local  conditions  are  such  as  to  render  the  use  of  mechanical 
bolt  locking  impractical,  either  switch  signal  control,  or  electric  lock- 
ing, or  both  may  be  substituted ;  each  situation  being  considered  on  its 
own  merits,  and  the  best  arrangement  determined. 

CONCLUSIONS. 

Note. — Where  bolt  locks  are  used,  the  following  requirements  will 
apply : 

(a)  Home  signals  for  unlimited  speed  routes  shall  be  bolt  locked 
with  all  facing  derails,  switches,  and  movable  point  frogs  in  the  route 
governed. 

(b)  Home  signals  for  limited  speed  routes  shall  be  bolt  locked  with 
all  facing  derails,  switches,  and  movable  point  frogs  in  the  route 
governed  as   far  as  practicable. 

(c)  All  facing  derails  shall  be  bolt  locked  with  all  signals  govern- 
ing over  them. 

(d)  Bolt  locks  shall  be  so  constructed  that  the  signal  bar  shall 
pass  through  the  notch  in  switch  bar  to  insure  that  switch  is  set  in 
proper  position  and  shall  not  be  capable  of  passing  through  other 
notches  that  may  be  cut  in  the  switch  bar. 

(e)  The  connections  to  the  bolt  lock  bars  shall  be  adjustable. 

(f)  The  length  of  notch  in  signal  bar  shall  be  one  and  three- 
quarters  (iM)  in-  greater  than  the  thickness  of  the  switch  bar.  The 
length  of  the  notch  in  the  switch  bar  shall  be  five-sixteenths  i^)  in. 
greater  than  the  thickness   of  the  signal  bar. 

(g)  The  connections  to  signal  bar  in  bolt  lock  shall  be  compensated 
where  the  changes  due  to  temperature,  spring  and  wear  to  connections, 
exceed  the  clearance  of  the  notch  in  the  signal  bar. 

Note. — Where    automatic   substitutes    for  bolt   locks   are   employed. 

(h)  Circuit  controllers  shall  be  connected  to  all  movable  facing 
points  in  unlimited,  and  limited,  speed  routes  with  circuit  controllers 
on  their  respective  operating  levers  controlling  electric  locks  on  facing 
point  lock  levers. 

(i)  Where  semi-automatic  or  power  signals  are  used,  the  controll- 
ing circuits  may  be  broken  through  circuit  controllers  on  all  movable 
facing  points   over   which   the   signal  governs. 
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TO    EDIT   AND   BRING   UP    TO    DATE    REPORTS    ALREADY    MADE    BY    COMMITTEE    M. 
XV    ON     STANDARD    SPECIFICATIONS    FOR    INTERLOCKING. 

Your  Committee  in  re-editing  Standard  Specifications  for  Interlock- 
ing has  carefully  considered,  and  was  guided  by,  reports  of  previous 
committees,  which  had  been  adopted  by  the  Association,  and  by  stand- 
ard practice  now   in  vogue. 

In  order  that  Specifications  for  Mechanical  Interlocking  conform  as 
nearly  as  possible  to  the  electric  specifications,  we  have  copied  the  first 
nineteen  paragraphs  of  the  electric  specifications,  with  the  exception  of 
changes  in  paragraphs  marked  with  a  star,  and  which  have  been  either 
re-worded  or  added  new. 

The  specifications  from  paragraph  twenty  to  fifty-six  inclusive  are 
in  accordance  yvith  the  best  known  modern  practice,  and  each  para- 
graph was  unanimously  accepted  by  the  Committee  and  by  the  supply 
men. 
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STANDARD     SPECIFICATIONS     FOR     MECHANICAL     INTERLOCKING    AND     MATERIAL 
FOR     CONSTRUCTION      WORK. 
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GENERAL. 

1.  Specifications. 

Adherence. — All  the  work  herein  outlined  is  to  be  done  in  strict 
accordance  with  the  specifications,  the  accompanying  plans  and  such 
instructions  as  may  be  given  from  time  to  time  by  the   Purchaser. 

Spirit. — The  nature  and  spirit  of  these  specifications  are  to  provide 
for  the  work  herein  enumerated  to  be  fully  completed  in  every  detail 
for  the  purpose  designed ;  and  it  is  hereby  understood  that  the  Con- 
tractor in  accepting  the  contract  agrees  to  furnish  any  and  everything 
obviously  necessary  for  such  construction. 

Special  Work. — The  Purchaser  will  furnish  a  description  and  draw- 
ings of   all   special   work. 

Copies. — Duplicate  copies  of  these  specifications  will  be  furnished 
by  the   Purchaser  with   request  for  tender. 

2.  Drawings. 

Preliminary. — The  Purchaser  will  furnish  with  each  copy  of  the 
specifications,  copies  of  all  drawings  in  dictating  the  work  to  be  per- 
formed. 

The  Contractor  shall  examine  these  drawings,  call  the  Purchaser's 
attention  to  any  apparent  errors  and  ascertain  the  Purchaser's  wishes 
regarding    the    same    before    submitting    a    tender. 

Final. — After  the  contract  has  been  awarded,  the  Contractor  shall 
submit  three  (3)  sets  of  the  drawings  showing  the  proposed  arrange- 
ment or  construction,  which  require  the  Purchaser's  approval,  one  set 
of  which  will  be  approved  and  promptly  returned.  Should  changes  in 
these  drawings  be  necessary  to  meet  the  requirements  of  the  specifica- 
tions, one  set  will  be  promptly  returned  with  such  changes  indicated 
in  writing,  and  the  Contractor  may  proceed  with  the  work  when  such 
corrections  have  been  made. 

The  Contractor  shall  furnish  four  (4)  sets  of  working  drawings  for 
the  Purchaser's  files  and  upon  request  two  (2)  additional  sets  for  the 
file  of  each   other  interested  company. 

Suitable  framed  manipulation  chart  and  track  diagram  shall  be 
furnished    in   place   by    the    

3.  Supervision. 

Supervision. — All  work  shall  be  under  the  supervision  of  the  Pur- 
chaser's accredited  representative  hereinafter  referred  to  as  the  Super- 
visor. 

Foreman. — The  Foreman  of  installation,  and  his  men,  shall  be 
satisfactory   to    the    Supervisor. 

Instructions. — The  Foreman  of  installation  shall  receive  and  act 
upon  all  instructions  given  by  the  Supervisor  in  writing. 
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3.  Supervision — Continued. 

Inspection. — All  material  and  workmanship  will  be  inspected  thor- 
oughly and  carefully,  and  the  Contractor  will  be  held  at  all  times  to  "the 
spirit  of  the  specifications. 

The  Supervisor  shall  be  given  free  access  to  all  parts  of  the  work 
during  the  process    of  construction. 

*The  Purchaser  will  make  a  final  inspection  and  tests  within  three 
(3)  days  after  the  completion  of  the  \vork.  Any  defects  or  omissions 
noted  during  this  inspection  shall  be  made  good  by  the  Contractor 
without  extra  charge  before  the  work  will  be  accepted. 

Defective  Work. — The  Contractor,  upon  being  so  directed  by  the 
Purchaser,  shall  remove,  rebuild,  or  make  good,  without  charge,  any 
defective    work. 

*AccEPTANCE. — The  Purchaser  will  issue  written  acceptance  of  the 
plant  as  soon  as  his  inspection  has  shown  that  all  work  has  been  com- 
pleted in  conformity  with  plans  and  specifications. 

4.  Alterations. 

Specifications. — The  Purchaser  reserves  the  right  to  make  changes 
in  plans  and  specifications.  All  such  changes  shall  be  handled  in  the 
same  manner  as  the  originals. 

*Alterations  involving  a  change  in  the  plans  which  will  increase  or 
decrease  the  amount  of  material  to  be  furnished,  or  work  to  be  per- 
formed by  the  Contractor,  shall  be  classed  as  extras,  and  such  allow- 
ances shall  be  made  as  may  be  mutually  agreed  upon  in  writing. 

5.  Permits. 

The  Purchaser  will  obtain  all  necessary  permits.  Work  requiring 
permits  shall  not  be  performed  until  same  have  been  provided. 

6.  Accidents. 

Precaution. — The  Contractor  shall  place  sufficient  and  proper 
guards  for  the  prevention  of  accidents  and  shall  put  up  and  maintain 
at  night,  suitable   and  sufficient  lights,  except  as  specified   in  Article   16. 

Responsibility. — The  Contractor  shall  save  the  Purchaser  harmless 
and  relieve  him  from  all  responsibility  for  any  damage,  injury,  or  loss 
suflfered  by  any  person  or  persons  in  the  employ  of  the  Contractor 
while  such  person  or  persons  are  engaged  in  the  construction  of  inter- 
locking, unless  such  damage,  injury,  or  loss  is  caused  by  the  negligence 
of  the   Purchaser. 

7.  Patents. 

♦Patent  Royalties. — The  Contractor  will  pay  all  patent  royalties 
on  patented  articles  furnished  by  him,  and  will  protect  the  Railroad 
Company  from  all  patent-right  claims. 


88  SIGNALING    AND    INTERLOCKING. 

8.  Payments. 

♦First   Payment. — The   Purchaser  will   pay    per   cent,  of  the 

contract  price   upon   the   receipt   of   the   material    at  destination. 

♦Second  Payment. — The  remaining  per  cent,  of  the  con- 
tract  price   will    be    paid   within    days   after    the    acceptance  of 

the  plant. 

♦Extras. — Payments  for  extras  will  be  made  in  the  same  manner 
as   prescribed   for   in    the   contract   price. 

9.  Contract. 

As  soon  as  possible  after  the  award  is  made,  the  contract,  in  ac- 
cordance with  the  accompanying  form,  will  be  presented  in  duplicate 
to  the  Contractor  for  his  signature,  arfter  which  both  copies  will  be 
signed  by  the  Purchaser  and  one  of  them  will  be  returned  to  the  said 
Contractor. 

DETAIL. 

10.  Intent. 

The  intent  of  this  specification  is  to  clearly  describe  all  of  the  ma- 
terial and  labor  required  for  and  the  results  to  be  obtained  by  the 
complete    installation    of    a    mechanically    operated    interlocking    plant    at 

on  the  lines  of  the  Railroad,  as  shown  in  the 

plans  and   supplementary  data   hereto  attached. 

Results.  Note. — This  space  is  provided  for  a  complete  general 
description  of  the  plant  and  all  its  adjuncts,  and  of  the  operating  re- 
sults to  be  obtained   therefrom. 

11.  Supplementary  Data. 

Practice. — The  Contractor's  recognized  best  practice  shall  govern 
except  as  herein  otherwise  provided.  The  plans,  drawings,  and  detail 
specifications  attached   to   and    forming  a   part   of   this   specification   are : 


12.    Material    and    Workmanship. 

When  it  is  necessary  or  desirable  to  use  apparatus  not  heretofore 
in  use,  the  Contractor  shall  submit  drawings  of  the  same  with  his 
proposal,  and  the  acceptance  of  such  proposal  shall  constitute  acceptance 
of  such  new  devices. 

All  material   and   workmanship  shall   be   first-class   in   every   respect. 

12.     Material    and    Workmanship. 

♦The  Contractor  shall  furnish  for  replacement  free  on  board  at 
works  any  apparatus  or  material  of  his  own  manufacture  or  furnished 
on  his  own  specifications,  which  shall  prove  defective  after  having  been 
in  service  one  year  or  less,  provided  it  was  used  for  its  intended 
purpose. 

The  Contractor's  standard  apparatus  shall  be  used,  except  as  herein 
otherwise  specified.  , 
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13.    Transportation. 

The  Purchaser  will   furnish  transportation  for  the  men 

engaged  in,  and  necessary  tools  and  material  required   for,  the  installa- 
tion of  the  plant  over  the  following  railway  lines : 


Shipment  and  Handling. — Tools  and  material  are  to  be  shipped 

To   

Care   of    

At    

Via    

Marked 

Freight   prepaid    to 

The  Purchaser  will  unload  and  properly  house  only  such  material 
as  arrives  before  the  Contractor's  men. 

The  use  of  the  following  cars  will  be  permitted  under  the  restric- 
tions and  conditions  of  Articles  Nos.  6  and  i6,  unless  otherwise  indicated 
in  this  paragraph ; 

Number.  Furnished  by. 

Motor  cars  

Velocipede  cars  

Handcars  

Pushcars  

When  Contractor  is  not  permitted  to  use  handcars  or  pushcars,  the 
Purchaser  will,  at  its  own  expense,  distribute  all  material  to  the  point 
of  use  upon  receipt  of  notification  from,  and  under  supervision  of  Con- 
tractor's  Foreman. 

When  Contractor  shall  call  upon  the  Purchaser  for  the  required 
number  of  cars  for  the  return  of  tools  and   unused  material,   and  same 

will  be  furnished  in   days,  after  which  time  the  Purchaser 

will,  at  his  own  expense,  care  for  and  load  all  tools  and  material. 

14.    Track  Work. 

The   Purchaser  will   furnish : 

All  switches,  derails  and  movable  point  frogs  in  place  adjusted  to 
the  required  throw. 

All  ties  in  place  for  the  support  of  the  apparatus. 

All  rail  braces,  and  will  install  all  except  those  located  on  tie  plates 
furnished   by   the    Contractor. 

The  Purchaser  will  move  all  ties  which  interfere  with  installation 
of  the  interlocking  apparatus  or  connections. 

The  Purchaser  will  remove  all  guard  rail  clamps,  rail  braces,  anti- 
creepers  and  lips,  and  otherwise  prepare  the  rail  for  the  installation  of 
detector  bars. 
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14.  Track    Work — Continued. 

The  Purchaser  will  remove  and  replace  all  switch  and  tie  rods 
(other  than  front  rods  on  interlocked  switches)  requiring  a  change  in 
location,  the  application  of  insulation,  adjustment  brackets  or  other 
alterations. 

15.  Obstacles. 

The  Purchaser  will  do  all  preliminary  grading,  provide  adequate 
drainage,  arid  blast  and  remove  all  solid  rock  that  will  interfere  with 
the  placing  of  the  interlocking  apparatus  or   connections. 

*Where  it  is  necessary  to  make  an  alteration  or  move  any  part 
of  an  existing  structure,  the  same  will  be  done  by  the   Purchaser. 

16.  Traffic. 

The  Contractor  shall  not  unnecessarily  delay  or  interfere  with 
traffic.  When  it  becomes  necessary  for  Contractor  to  perform  any  work 
which  may  endanger  traffic,  the  Contractor  shall  notify  the  Purchaser 
and  shall  not  proceed  with  said  work  until  traffic  is   protected. 

The  Purchaser  will  promptly  arrange  to  protect  traffic  upon  request 
of  Contractor. 

17.  Completion. 

The  Contractor  shall  notify  the  Purchaser,  in  writing,  not  less  than 
seven   (7)    days  before  the  plant  will  be   ready  for  service. 

The  Contractor  shall  put  the  plant  in  service  under  the  supervision 

of  the  Purchaser,  and  shall  leave  competent  men  on  duty 

for    hours   thereafter. 

The  Purchaser  will  maintain  and  operate  the  plant  as  soon  as  it  is 
put  in  service. 

The  Purchaser  will  put  the  plant  in  service,  providing  this  cannot 
be  done  within  three  (3)  days  after  the  completion  of  the  Contractor's 
work. 

The  Contractor  shall  remove  and  dispose  of  all  excess  earth  and  all 
refuse  made  by  the  Contractor's  men  or  shall  load  on  cars,  where  dis- 
posal cannot  be  made  on  right-of-way  within   interlocking  limits. 

18.  Provided  by  Purchaser. 

a  

b    

c     

d    ' 

e     

Note. — Items  to  be  provided  by  Purchaser  should  be  assembled  nnd 
filled  in  at  this  point. 
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19.  Tenders. 

Sealed  tenders  for  the  work  covered  by  these  specifications  will  be 
received : 

by    

at   

up   to   hour   on   the    day  of    

month  of  at  which  time  and  place  said  tenders 

will  be  opened.     Bidders  are  invited  to  be  present. 

Tenders  shall  be  divided  as  follows : 

Note. — This  space  is  provided  for  a  complete  description  of  the 
division  of  the  tenders  for  the  different  portions  of  the  work. 

a     

b 

c     

d    

The  Purchaser  reserves  the  right  to  reject  any  and  all  bids. 

20.  Interlocking  Stations. 

A    building   stories  high  and    

X  inside  dimensions,  with  a  frame  for  support- 
ing the  machine,  shall  be  built  by  the   in  accordance 

with    specifications    and    drawings    No for    building    and 

drawings  No for  frame. 

A    foundation    for    the    building    and    leadout    supports 

shall  be  built  by  the    in  accordance   with   specifications 

and  drawings  No Leadout  supports  shall  be   furnished   in 

place  by  the  in  accordance  with  drawings  No 

21.  Machine. 

(a)  It  shall  be  of  the  preliminary  latch-locking  type ;  levers  shall 
be  numbered  from  left  to  right,  like  parts  of  machine  of  same  type 
shall  be  interchangeable,  and  all  bolts  shall  be  provided  with  jamb  or 
lock  nuts. 

(b)  All  levers  shall  be  arranged  so  that  they  can  be  removed  with- 
out interfering  with  other  levers. 

(c)  Levers    shall    be    ft in.    in    length 

from  end  of  lever  handle  to  center  pin,  and  center  pins  shall  be  one 
and  one-quarter    (i%)    in.   in   diameter. 

(d)  All  levers  shall  have  equal  and  uniform  throw,  and  shall  be 
so  arranged  that  connections  may  be  made  to  front  or  back  of  lever. 
Tail  levers  for  pipe  connections  shall  be  drilled  to  provide  for  eight  and 
three-quarter  (8^)  in.,  nine  and  three-quarter  (9^)  in.,  and  ten 
and  three-quarter  (io.>4)  in-  stroke.  Tail  levers  for  wire  connections 
shall  be  drilled  for  eight  and  three-quarter  (8^4)  in.,  ten  and  three- 
quarter    (10^)    in.,    twelve    and    three-quarter    (12^)    in.,    fourteen    and 

three-quarter  (i4j4)  in-,  and  sixteen  and  three-quarter  (16^)  in. 
stroke. 
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21.  Machine — Continued. 

(e)  One  lever  shall  operate  not  more  than  one  signal,  two  pairs 
of  switch  points,  one  hundred  and  six  (io6)  ft.  of  detector  bars  at 
single  switches,  or  one  hundred  and  fifty-six  (156)  ft.  at  slip  switches, 
four  rail  locks,  one  switch  and  lock  movement,  two  bridge  locks,  or  two 
eight    (8)    way  bridge  couplers. 

(f)  Provision  shall  be  made  for  one  tappet  or  cross-locking  bar, 
one  lever  shoe  pin  and  caps,  and  one  locking  bar  extending  full  length 
of  the  machine   for  each  lever  or  space. 

(g)  The  locking  shall  be  distributed  as  uniformly  as  possible  in 
the  locking  bed. 

(h)     Locking  shafts  on   S.  &   F.  type  shall   extend    in. 

out  from  back  rails  and  shall  be  drilled in.   from  end   for 

applying  electric  locks,  holes   shall  be    in.   in  diameter   and 

horizontal  with  levers  on  center. 

(i)  The  front,  back  and  intermediate  rails  supporting  locking  bed 
of  S.  &  F.  type  shall  be  provided  with  one  way  caps. 

22.  Leadout. 

(a)  Rocking  shaft,  deflecting  bar,  or  a  combination  of  deflecting 
bar  and  vertical  crank  leadout,  shall  be  furnished. 

(b)  Rocking  shafts  shall  be  made  from  two  (2)  in.  square,  rolled 
steel    with    movable    bearings    and    movable    crank    arms.     Straight    and 

bent   shaft   arms   shall    be    iron,    eleven   and    three-quarters 

(1154)  in.  long,  center  to  center.  Rocking  shaft  bearings  shall  be  so 
arranged  that  both  ends  of  all  rocking  shafts  shall  be  supported,  and  no 
more  than  six  (6)   ft.  of  rocker  shaft  shall  be  unsupported. 

(c)  Rocker  shaft  stands  shall  be  made  of  cast  iron,  center  of 
bearing  to  the  base  of  stand  shall  be  fifteen  (15)  in.,  bases  of  stands 
shall  be  symmetrical  and  shall  be  cored  for  four   (4)   three-quarter   i^i) 

in.  bolts  spaced   x   in.  centers.     Bearings  shall 

be  provided  with  one  (i)  way  caps  and  shall  be  attached  to  stands  with 
two  (2)  five-eighth   (^)  in.  bolts. 

(d)  Vertical  leadout  chain  wheels  shall  be  made  of  malleable  iron 
and  shall  be  ten  (10)  in.  in  diameter.  Stands  for  vertical  chain  wheels 
shall  be  drilled  for  bearings  ten  (10)  in.  and  twelve  (12)  in.  above 
base  of  bearing;  bases  shall  be  cored  for  two  (2)  three-quarter  (^) 
in.  bolts  in.  centers. 

(e)  All  leadout  appliances  shall  be  securely  fastened  to  leadout 
supports  by  three-quarter  (^)  in.  bolts,  bolt  heads  shall  be  placed 
underneath. 

(f)  All  down  rods  shall  be  vertical  with  offset  jaws,  so  that  they 
may  be  connected  to  lever  for  either  eight  and  three-quarter  (8f^)  in. 
or  nine  and  three-quarter  (9H)  in.  stroke,  and  shall  be  connected  to 
the  eight  and  three-quarter    (8^)    in-  stroke  hole. 
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22.  Leadout — Continued. 

(g)  Shackles  shall  be  connected  to  tail  levers  with  standard 
seven-eighth  (%)  in.  by  two  and  one-quarter  (2%)  in.  pins  for  all 
wire  lines,  and  sufficient  movement  of  wire  line  shall  be  provided  to 
successfully  operate  all  wire  connected  signals. 

23.  Pipe    Line. 

(a)  One  inch  pipe  shall  be  used  for  connections  to  switches,  de- 
rails, movable  wing  and  point  frogs,  detector  bars,  locks,  bridge  couplers, 
and  high  home  and  signals.  , 

(b)  Pipe  lines  shall  be  straight  where  possible  and  shall  not  be 
placed  less  than  four  ft.  six  in.  (4'-6")  from  gage  line,  except  where 
tl;e  line  runs  between  tracks  or  permission  is  granted  by  the  Purchaser. 
On  draw  spans  and  approaches,  they  shall  be  kept  as  far  from  gage 
iline   as   conditions    will    permit. 

(c)  Where  possible  pipes  in  main  pipe  line  shall  be  run  so  that 
;they  will  lead  off  on  track  side  in  regular  order. 

(d)  Top  of  pipe  carrier  foundations  in  main  pipe  line  shall  be 
'one  (i)  in.  below  base  of  rail  where  conditions  will  permit. 

(e)  All  cranks,  compensators,  and  deflecting  bars  in  main  pipe 
run  shall  be  so  located  as  to  leave  field  side  clear  for  wires,  trunking 
and  additions. 

(f)  Pipe  lines  shall  be  laid  two  and  three-quarters  (2^4)  in- 
between  centers  and  shall  be  supported  on  pipe  carriers  placed  not  more 
than  seven  (7)  ft.  centers.  The  distance  from  base  on  which  pipe 
carriers  are  supported  to  the  center  of  pipe  line  shall  be  four  and  one- 
quarter   (4^4)   in- 

(g)  Couplings  in  pipe  lines  shall  be  located  not  less  than  twelve 
(12)   in.  from  pipe  carriers  with  lever  on  center. 

(h)  Where  so  specified  on  plans  at  points  where  pipe  lines  cross 
under  tracks,  roads,  platforms,  etc.,  standard  one  (i)-in.  pipe  shall 
be  run  inside  of  standard  two  (2)  in.  galvanized  iron  pipe,  provided 
at  each  end  with  a  stuffing  box,  which  shall  be  provided  with  an  oil 
inlet,  and  shall  be  attached  to  the  pipe  by  standard  pipe  coupling. 
Design  shall  be  such  as  to  permit  of  standard  spacing  of  pipe  lines  two 
and   three-quarters    (2->4)    in.   between  centers. 

(i)  Where  so  specified  I-beam  track  supports  shall  be  used  where 
pipe    lines    cross    under    tracks,    and    I-beam    construction    shall    be    built 

as  per  plan   No attached,   and  shall   be   furnished   and   put 

in  place  by  the  Purchaser. 

(j)  Except  where  otherwise  provided,  pipe  lines  run  across  tracks, 
shall  be  arranged  to  permit  standard  spacing  and  proper  tamping  of 
ties. 

(k)  Pipes  leading  across  tracks  shall  be  supported  by  transverse 
pipe  carriers  fastened  to  top  of  ties  where  practicable. 

(1)  Turns  in  pipe  lines  shall  be  made  with  radial  arms,  cranks,  or 
4.e.flecting  bars  as  follows : 
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23.  Pipe   Lines — Continued. 

(m)     Angle  of  Deflection: 

o      degrees  to    ii      degrees 
II       degrees  to    33^  degrees 
331/2  degrees  to    56      degrees 
56      degrees  to    78^  degrees 
78J/2  degrees  to    90      degrees 
o      degrees  to    30  degrees 
30      degrees  to    75  degrees 
7S      degrees  to  105  degrees 
105      degrees  to  140  degrees 
140      degrees  to  180  degrees 

Deflecting  bars  with  tang  ends: 

22^  degrees  deflecting  bars  with  eye  ends. 

45      degrees  deflecting  bars  with  eye  ends. 

67^  degrees  deflecting  bars  with  eye  ends. 

90      degrees  deflecting  bars  with  eye  ends. 

15       degrees  radial  arm  cranks. 

60      degrees  acute  angle  cranks. 

90      degrees  standard  cranks. 

120      degrees  obtuse   angle  cranks. 

180      degrees  equalizing  arms. 
(n)     Pipe   lines    shall    be    installed    in    accordance    with    temperature 
diagram,    and    table    of    equivalent    lengths    used    in    compensating    pipe 
lines  when  crank  arms  are  of  unequal  length. 

(o)  Deflecting  bars,  radial  cranks,  pipe,  stuffing  boxes,  tang  ends, 
plugs,  and  couplings  shall  be   Railway   Signal  Association    Standard. 

24.  Pipe  Carriers. 

(a)  Pipe  carriers  for  main  pipe  runs  shall  be  of  the  anti-friction 
type,  and  constructed  of  individual  sides,  top  and  bottom  rollers ;  sides 
shall  be  connected  together  at  top ;  and  in  contact,  but  not  connected 
at   bottom;    bases    shall    be    cored    for    two    (2)    one-half  X.V2)    in.    lag 

screws    in.   centers,   and   fastened    to    foundations   with   two 

(2)    X  in.  lag  screws. 

(b)  Transverse  carriers  shall  be  constructed  of  individual  sides, 
top  and  bottom  rollers,  sides  shall  be  supported  by  a  wrought  or  malle- 
able iron  bearer,  and  connected  together  by  a  one-half  (^^)  in.  pin 
through  center  of  bottom  roller,  connected  to  bearer,  with  one-half  {Y2) 
in  bolts,  and  fastened  to  foundations  with  two  (2)  three-quarter  (^) 
by  four  (4)   in.  lag  screws. 

(c)  The  pipe  carrier  shall  be  constructed  of  malleable  or  wrought 
iron  frame  and  bottom  roller,  assembled  together  by  one-half  (^)  in. 
pin  througli  -center  of  roller,  and  fastened  to  foundation  with  two  (2) 
one-half  ('/>)  in.  by  two  and  one-half   (2V2)   in.  lag  screws. 

(d)  All  pipe  carrier  sides  and  bottom  rollers  shall  be  made  of 
malleable  iron. 
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25.  Compensation. 

(a)  Compensation  shall  be  provided  for  all  pipe  connected  units  or 
apparatus  where   same  is   necessary  to  insure  proper  operation. 

(b)  Unless  compensation  is  otherwise  provided  for,  a  lazy  jack 
compensator  shall  be  provided  for  each  pipe  line  over  fifty  (50)  ft.  in 
length  and  under  eight  hundred  (8co)  ft.,  with  crank  arms  ten  by  thir- 
teen (10x13)  in.  centers.  From  eight  hundred  (800)  to  twelve  hun- 
dred (1,200)  ft.  in  length,  crank  arms  shall  be  ten  by  sixteen  (10x16) 
in.  centers.  Pipe  lines  over  twelve  hundred  (1,200)  ft.  in  length  shall 
be  provided  with  additional  compensators.  No  more  than  seven  hundred 
and  twenty-five  (725)  ft.  of  pipe  shall  be  compensated  by  an  eleven  and 
three-quarter     (11^)     by    eleven    and    three-quarter     (nH)     i".    crank- 

(c)  No  more  than  one  horizontal  compensator  or  two  vertical 
compensators  shall   be  mounted   in   one   stand. 

(d)  Compensators  shall  have  one  (i)  sixty  (60)  degree  and  one 
(i)  one  hundred  and  twenty  (120)  degrees  angle  cranks,  with  bosses  two 
(2)  in.  thick,  and  eleven  (11)  in.  connecting  link,  mounted  in  cast  iron 
bases,  having  top  of  center  pin  supported.  The  distance  between  center 
of  pin  holes  shall  be  twenty-two   (22)    in.,  and  bases  shall  be  cored   for 

four   (4)   three-quarter   (^)   in.  bolts  sp;iccd    x   

in.   centers. 

26.  Horizontal    Cranks. 

Cranks  shall  be  made  of  wrought  iron  and  drilled  eleven  and  three- 
quarters  by  eleven  and  three-quarters  (ri34xii^)  in.  center  to  center, 
with  boss  two  (2)  in.  thick.  They  shall  be  mounted  in  cast  iron  bases, 
having  top  of  center  pin  supported.  Not  more  than  two  (2)  cranks 
shall  be  mounted  in  the  same  base,  and  no  more  than  one  crank 
mounted  on  one  center.  Bases  shall  be  cored  for  four  (4)  three-quarter 
{^^)   in.  bolts,  spaced   x  in.  centers. 

27.  Vertical  Cranks. 

Cranks  shall  be  made  of  wrought  iron  and  drilled  eleven  and  three- 
quarters  by  eleven  and  three-quarters  (ri^xii^)  in.  center  to  center, 
with  boss  two    (2)    in.   thick.     They   shall  be  mounted   in    one  and    two 

way   cast   iron   stands  and    drilled   for   bearings    in   centers 

above  base,  and  base  cored  for  four    (4)      three-quarter    (^)    in.   bolts, 
spaced  x   in.  centers. 

28.  Switch  and   Lock  Movement. 

Switch    and   lock    movement    shall    be   securely   bolted    to    five-eighth 

by  twelve  by    ft.    (5^"xi2"x ')    iron   plates,   and 

shall    be   placed    on   outside    of    track    ft in. 

from  gage  of  nearest  rail  bolted  to  ties. 
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29.  Deflecting  Bars. 

(a)  Deflecting  bars  shall  be  made  in  one  way  multiple  unit  type; 
bars  shall  be  made  of  one  and  one-quarter  {i%)  in.  square  steel,  and 
designed  for  ten  (lo)  in.  stroke,  and  shall  be  bent  at  the  following 
radii : 

22J/2  degree,  radius  seventy-two   (72)   in. 
45      degree,  radius  thirty-six  (36)   in. 
6754  degree,  radius  twenty-four    (24)    in. 
90      degree,  radius  eighteen  (18)    in. 

(b)  All  cranks,  compensators,  deflecting  bars,  switch  and  lock 
movement,  and  stands   shall  be  Railway    Signal   Association    Standard. 

30.  Jaws  and   Lugs. 

(a)  Except  where  otherwise  specified,  solid  jaws  shall  be  used  for 
connections  to  all  cranks,  compensators,  deflecting  bars,  couplers,  rail 
locks,  pipe  connected  levers,  and  balance  levers. 

(b)  The  body  of  all  jaws  shall  be  of  wrought  iron,  one  and 
eleven  thirty-second  (iH)  in.  in  diameter,  with  tang  and  thread  for 
coupling  to  pipe. 

(c)  The  sides  of  solid  jaws  shall  be  parallel  for  three  (3)  in. 
from  center  of  pin  hole,  and  length  of  solid  jaws  shall  be  nineteen  and 
one-half  (19^)   in.  from  center  of  pin  hole  to  center  of  first  rivet  hole. 

(d)  Screw  jaws  shall  be  used  as  follows:  one  for  each  switch 
connection  to  bolt,  front  rod,  lock  rod,  switch  and  lock  movement,  de- 
tector bar  connection,  in  signal  line  on  each  side  of  bolt  lock,  and  in 
each  high  signal  down  rod,  and  shall  be  located  as  close  as  possible 
to  the  unit  to  be  adjusted. 

(e)  Screw  jaws  shall  be  made  of   iron,  with  hexagon 

shank  ends  the  same  size  as  the  outside  dimension  of  the  one  and  one- 
quarter    (iJ4)    in-  standard  jamb  nuts. 

(f)  The  sides  of  screw  jaws  shall  be  parallel  for  five  (5)  in.  from 
center  of  pin  holes,  and  length  of  screw  jaw  shall  be  nineteen  and  one- 
half  (i9/4)  in.  from  center  of  pin  hole  to  center  of  first  rivet  hole  with 
shank  of  jaw   on  center  of  thread. 

(g)  Each  screw  jaw  shall  be  provided  with  jamb  nut. 

(h)  Pipe  lugs  shall  be  made  of  wrought  iron  one  and  eleven 
thirty-seconds  (ihi)  in.  in  diameter,  fitted  with  thread  and  tangs  for 
coupling  to  pipe,  and  minimum  distance  from  center  pin  hole  to  cen- 
ter of  first  rivet  hole  shall  be   in. 

(i)  All  jaws,  lugs  and  tangs  shall  be  Railway  Signal  Association 
Standard. 

31.  Offsets. 

Offsets  in  pipe  lines  shall  be  made  in  body  of  jaws,  or  in  iron  rod 
one  and  eleven  thirty-seconds  (i5i)  in.  in  diameter.  The  total  offset 
between  any  two  supports  shall  never  exceed  three  and  one-half  (3^) 
in.,  minimum  distance  between  ends  of  offset  shall  never  be  less  than 
twice  the  amount  of  the  offset.  Offsets  in  cranks  and  compensators 
shall  be  avoided  as  far  as  possible. 
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32.    Locks, 

(a)  Facing  point  locks  shall  l)c  used  on  all  switches,  derails,  mov- 
able wing  and  point  frogs,  except  where  otherwise  specified  on  plans. 
Locks  shall  be  arranged  to  lock  all  switches  in  normal  and  reverse 
position,  and  all  derails  in   reverse  or  closed  position   only. 

(b)  Facing  point  lock  stands  shall  be  placed  on  outside  of  track, 
twenty-eight  (28)  in.  from  gage  and  bolted  to  tie  through  a  tie  plate, 
placed  on  top  of  tie,  and  tie  plate  shall  extend  under  and  support 
the  nearest  rail  and  point.  Facing  point  lock  stands  shall  be  arranged 
to  support  'the  plunger  on  each  side  of  lock  rod  to  support  the  lock  rod 
on  each  side  of  the  plunger,  and  bases  shall  be  cored  for  four  (4) 
three-quarter    (^4)    in.    bolts x in.    centers. 

(c)  Facing  point  lock  plungers  shall  be  one  (i)  in.  in  least  dimen- 
sion, with  square  end  and  nineteen  (19)  in.  in  length  from  center  of  pin 
hole  to  end,  have  full  stroke  of  pipe  line,  and  stand  one  (i)  in.  clear 
of  lock  bar  when  switch   is   unlocked. 

(d)  Lock  rods  shall  run  direct  from  front  rods  into  lock  stands, 
and  shall  be  of  the  double  adjustable  type.  Holes  or  notches  in  lock 
rods  shall  have  square  edges  and  shall  not  be  more  than  one-sixteenth 
(i^t)    in.   larger  than  plunger. 

(e)  Wh^n  electric  locking  or  switch  circuit  controllers  are  not 
used,  all  facing  point  switches,  movable  wing  and  point  frogs  on  high 
speed  routes  shall  be  bolt  locked  with  signals  governing  such  routes ; 
and  all  facing  derails  shall  be  bolt  locked  with  all  signals  governing 
over   them. 

(f)  All  bolt  lock  stands  shall  be  made  in  one  (i)  way  multiple 
unit  type,  and  cored  for  four    (4)    three-quarter    (3^)    in.  bolts. 

(g)  Switch   bar   in   bolt   lock   shall  be   made    of   mild   steel    

X  with  in.  notch,  and  have  an  inde- 
pendent connection  to  switch  point  and  shall  not  be  connected  to  front, 
lock,  throw  rods,  or  point  lugs,  if  front  rod  is  attached  to  them. 

(h)     Signal   bar   in   bolt    lock    shall    be   made    of   mild    steel    

X  with  in.  notch,  and  be  a  part  of  the 

pipe  line,  and  not  lugged  or  looped  in. 

(i)  Lock  stands,  plungers,  front  rods,  lock  rods,  and  switch  lugs 
shall    be    Railway    Signal    Association    Standard. 

Note. — Where  local  conditions  are  such  that  it  is  not  practicable 
to  install  bolt  locking  the  Committee  recommends  circuit  controllers  on 
switches,  derails,  movable  wing  and  point  frogs,  and  their  respective 
operating  levers  with  electric  locks  on  lock  levers  to  insure  that  switches 
have  responded^  to  the  position  of  the  lever,  or  where  slotted  signals 
are  used,  they  shall  be  controlled  by  circuit  controllers  on  switches, 
derails,  movable  wing  and  point  frogs. 
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33.  Tie   Plates. 

(a)  Three  tie  plates  shall  be  used  for  all  switches  and  derails, 
and  shall  be  located  as  follows :  one  on  point  tie,  and  one  on  nearest 
tie  on  either  side.  Four  tie  plates  shall  be  used  for  each  set  of  mov- 
able point  frogs,  and  shall  be  located  as  follows :  one  on  point  tie, 
and  one  on  first  tie  back  of  the   point  tie   for  each  pair  of  points. 

(b)  Tie    plates    shall    be    one-half   in.    by    six    in.    by    

( i/2"x6"x )  ;  butt  plates  shall  be   x   x 

and  drilled   for    in.    rivets.     Riser  plates   shall 

be    X    x    and   drilled    for    

in.    rivets.     All    tie   plates    shall    be   fitted    in    place    and    securely 

fastened    to    the   ties    with    three-quarter    by    four    (^x4)    in. 

lag  screws. 

34.  Rail  Braces. 

Rail  braces  shall  be  furnished  by  the  Purchaser. 

35.  Tie  Straps. 

(a)  At  all  switches,  derails,  movable  wing  and  point  frogs,  tie 
straps  shall  be  used,  to  tie  all  crank,  rocker  shaft,  point  and  intermediate 
ties  together. 

(b)  Tie  straps  shall  be  one-half  by  two  and  one-half  (5^x2^/^)  in. 
iron,  placed  on  top  of  ties  and  fastened  to  the  ties  with  three-quarter 
by  four   (54^4)   in.  lag  screws. 

36.  Detector   Bars. 

(a)  Bars    shall    be    located    as    shown    on    Plan    No. 

date attached  hereto,  unless  otherwise  specified. 

(b)  Bars  on  curves  shall  be  located  on  inside,  outside  or  both 
sides  of  curve  as  determined  by  local  operating  traffic  conditions. 

(c)  Detector  bars  shall  be  arranged  to  give  fifty-three  (53)  ft. 
continuous  protection  for  all  switches,  derails,  movable  wing  and  point 
frogs,  and  shall  lap  the  switch  points  a  distance  equal  to  the  stroke  of 
the  bar. 

(d)  Detector  bars  shall  be  three-eighth  by  two  and  one-quarter 
(^x  2%)  in.  steel,  have  one  bevelled  edge,  square  ends,  and  bolted 
joints,  and  shall  be  made  up  in  eighteen  ft.  sections. 

(e)  Bars  shall  be  drilled  one  (i)  in.  from  bottom  of  bar  to  center 
of  hole  for  three  (3)  one-half  (}^)  in.  countersunk  head  bolts  or  rivets. 
The  first  hole  shall  be  one   (i)   in.  from  end  to  center  and  two    (2)    in. 

between    centers    of    holes.     Splice    plates    shall     be    used; 

they  shall  be  of  wrought  iron  one-half  by  two  by  twelve  (^X2xi2)  in., 
riveted  at  one  end  of  bar  with  three  (3)  one-half  by  one  (j/^xi)  in. 
countersunk  head  rivets  and  attached  to  intermediate  sections  by  three 
(3)  one-half  by  one  and  one-quarter  (Hxi^)  in-  countersunk  head 
bolts,   with  nuts  held   in   place  by  nutlocks. 

(f)  Driving  pieces  shall  be  made  of  wrought  iron  arranged  for 
one  and  eleven  thirty-second  (iM)  in.  jaw  connections.  The  part 
where    the   jaw    is    connected    shall    be    three-quarters    by    two    by    three 
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36.  Detector    Bars — Continued, 

04x2x3)  in.;  and  part  riveted  to  bar  shall  he  one-half  by  two  by  six 
(5^x2x6)  in.,  drilled  for  three  (3)  one-half  (J/2)  in.  rivets;  one  (i)  in. 
from  end  and  two  (2)  in.  between  center  of  holes.  Offset  from  bar 
to  jaw  connection  shall  be  one  and  one-half    (1V2)    in. 

(g)  Driving  pieces  shall  be  placed  midway  between  two  (2)  clips 
in  space  not  equipped  by  joint,  and  the  driving  rod  shall  have  not 
more  than  seven   (7)    ft.  unsupported. 

(h)     Fifty-three    (53)    ft.    bars    shall    be    mounted   on    sixteen    (16) 

type  rail  clips,  and  a  proportionate  number  of  clips  shall 

be  used  for  longer  or  shorter  bars. 

(i)  Centers  of  rail  clips  shall  be  placed  eight  (8)  in.  and 
twenty-six  (26)  in.  respectively  from  each  end,  and  the  remaining 
clips  approximately  four   (4)    ft.  apart. 

(j)  Where  radial  arm  clips  are  used  combination  bar  stops  and 
guides  shall  be  provided  for  each  ten  (10)  ft.  of  bar  (equally  spaced), 
and  not  less  than  two   (2)    such  stops  on  one  bar. 

(k)  Bars  shall  be  mounted  substantially  and  operated  close  to  head 
of  rail  in  a  plane  inclined  toward  the  center  of  track. 

(1)  Bars  shall  rise  a  minimum  of  three-quarters  (54)  in-  above  top 
of  rail  during  the  locking  and  unlocking  of  the  switch  and  shall  rest 
one-quarter  (%)  in.  below  top  of  rail  when  lever  movement  is  com- 
pleted. 

(m)  Where  rocking  shafts  are  used,  they  shall  be  made  of  two 
(2)   in.  rolled  steel  with  movable  bearings  and  crank  arms.     Arms  shall 

be iron  and  nine    (9)    inches  center  to  center.     The   bearings 

shall  be  securely  bolted  to  ties  with  four  (4)  three-quarter  (f^)  in.  bolts. 
The  maximum  spacing  of  supports  shall  be  six  (6)   ft.  centers. 

(n)  Detector  bar  fittings  shall  be  Railway  Signal  Association 
Standard. 

37.  Adjustments. 

(a)  Open  turnbuckles  shall  be  placed  in  each  pipe  line  as  follows: 
One  for  each  facing  point  lock,  switch  and  lock  movement,  pipe  con- 
nected high  home,  dwarf,  or  pot  signal ;  bridge  lock  and  couplers,  located 
as  near  to  the  last  operated  unit  as  it  is  possible  to  get  them,  without 
having  them  directly  under  the  rails,  guardrails,  frogs,  switches  or 
bridge  guards. 

(b)  Open  turnbuckles  shall  be  made  of iron,  with   right 

and  left  hand  thread,  capable  of  giving  an  adjustment  of  not  less  than 
six  (6)  in.,  and  provided  with  hexagon  end  shanks,  which  shall  be  the 
same  size  as  the  outside  diameter  of  the  one  and  one-quarter  (i^)  in. 
standard  jam  nut.  Threaded  rods  shall  be  made  of  one  and  eleven- 
thirty-second  (lih)  in.  wrought  iron,  provided  with  standard  tang  ends, 
threads  and  couplings. 

(c)  Wire  lines  for  wire  connected  distant  signals  shall  be  provided 
with  two  (2)  adjusting  screws  for  each  wire,  one  in  the  tower,  and  one 
at  base  of  signal  pole. 
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37.  Adjustments — Continued. 

(d)  Wire  lines  for  wire  connected  dwarf  signals  shall  be  pro- 
vided with  one  (i)  adjusting  screw  for  each  wire  and  shall  be  placed 
in  the  tower. 

(e)  Wire  adjusting  screws  shall  be  made  of  wrought  iron  not  less 
than  one-half  (%)  in.  diameter  with  right  and  left  hand  thread,  and 
shall  be  capable  of  giving  an  adjustment  of  twelve   (12)    in. 

(f)  Switches,  derails,  movable  wing  and  point  frogs  shall  be 
provided  with  special  switch  adjustment  fastened  to  the  head  rod. 

(g)  Switches,  movable  wing  and  point  frogs,  and  split  point  derails 
shall  open  not  less  than    in. 

38.  Signals. 

(a)  General. — All  signals  shall  be  of  the  semaphore  type  with 
arm  travel degrees   in   the right   hand  quadrant. 

(b)  Not  more  than  one  arm  shall  be  placed  on  a  dwarf  signal  post. 

(c)  Not  more  than  three  arms  shall  be  placed  on  a  high  signal 
post,  bridge,  or  bracket   doll. 

(a)  Location. — The  general  type  of  signals  are  shown  in  the 
Railway   Signal  Association   symbols  and  the  location   of  signals   shown 

shall  be  in  accordance  with  scale  plan  No ,  dated 

revised 

(b)  All  signal  posts  shall  be  on  the  right  of  the  track  governed, 
and  adjacent  thereto  when  possible. 

(c)  The  arms  shall  be  at  right  angles  to  the  track  governed  on 
tangents,  and  at  right  angles  to  one  thousand  (1000)  ft.  chord  on 
curves,  or  the  total  chord  if  curve  is  less  than  one  thousand  (1000)  ft. 
long. 

(d)  Signals  placed  between  tracks  on  tangents  shall  be  set  so  that 
the  center  of  post  shall  be  midway  between  tracks.  Signals  placed  be- 
tween tracks  on  curves  shall  be  set  off  the  center  line  between  tracks 
and  towards  the  center  of  the  curve  two  and  one-half  (2^)  in.  for 
each   one    (i)    in.    elevation    in    the    outside    of    the    curve. 

(e)  The  balance  levers  on  wire  connected  high  signals  located  be- 
tween tracks  shall  be  set  parallel  to  tracks. 

(f)  The   Contractor  shall  notify   Purchaser   if  tracks   are   less  than 

ft.  center   to   center  for  high   signals,   and    ....'. ft- 

center  to  center  for  dwarf  signals,  which  are  shown  between  tracks  or 
if  any  signals  are  shown  within  fouling  limits. 

(g)  Outside  of  tracks,  dwarf  signal  posts  shall  be  placed   

ft.  from  nearest  rail,  high  signal  posts  ft.  and  bracket  posts 

ft. 

(h)  Base  of  dwarf  signals  shall  be  two  (2)  in.  below  base  of 
rail.    Base  of  high  signals  shall  be  in.  below  base  of  rail. 
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39.  Dwarf  Signals. 

(a)  Dwarf  signals  shall  be   position  of  the   

type. 

(b)  Posts  shall  be  made  of  wrought  iron  pipe    in.  in 

diameter    ft in.    from   base    to   center   of 

bearing,   and    ft in.    from   base    to  center 

of  arms.     Arms   shall  be   flexible   or   hinged,   of    , 

in.  X  in.  x   in.,  placed  so  that  outer  end  is 

in.  from  vertical  line  through  center  of  shaft.     Arms  shall 

be  fastened  to  arm  casting  by  two  (2)  bolts x  , 

in.    center   to   center   vertically. 

(c)  Arm  casting  shall  be  made  of   iron,   capable  of 

holding  one  (i)    glass,  one  (i)    glass,  and 

one   (i)    glass,  solid  color.     Each  glass  shall  be   

....  in.  in  diameter  x  in.  thick  with  centers  

in.  from  center  of  shaft.     Back  lights  will   be  required. 

(d)  Back    light    castings    shall    be    capable    of    holding    one     (i) 

glass,   solid   color.     Glass   shall   be    in.    in 

diameter  x  in.  thick. 

(e)  Semaphore  shaft  shall  be  made  of  cold  rolled  steel   

in.  square. 

(f)  Base  castings  for  dwarf  signals  shall  be  cored  for  

bolts  in.  in  diameter  at  a  radius  of   in. 

40.  HTgh   Signals. 

(a)  High  speed  signals  shall  be  position. 

(b)  Medium   speed   signals   shall   be    position.    Low 

speed  signals  shall  be  position. 

(c)  Straight  pipe  posts  shall  be  made  of  six  (6)  in.,  five  (5)  in., 
and  four  (4)  in.  wrought  iron  pipe  with  water-tight  joints,  and  the' 
size,  weight,  and  length  of  the  wrought  iron  pipe  shall  be 

Item.  Size.      Weight  per  ft.      Length. 

10  ft. 
ID  ft. 

To  meet  specification 
as  to  length. 

(d)  The  length  of  straight  post  shall  be  as   follows: 
One  arm  24  ft.  6  in. 

Two  arm  31   ft. 

Three   arm   37   ft.  6   in. 

(e)  The  spacing  of  arms  shall  be  as  follows :  distance  from  top 
shaft  to  second  shaft  six  (6)  feet  six  (6)  inches,  and  from  second  shaft 
to  third  shaft  ten    (10)    feet. 

(f)  Posts  shall  be  mounted  in  base  castings.  Base  castings  shall 
be  cored  for  four   (4)   one   (i)    in.  bolts  at  a  radius  of   in. 


Top  section 

4  in. 

10.66 

Second  section 

sin. 

14-56 

Third  section 

6  in. 

18.76 
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40.  High    Signals — Continued. 

(g)  Center  of  arms  shall  be  in the  cen- 
ter of  shaft.     Arms   shall  be  made  of    ,    in.   x 

in.   from  vertical  line  through  center  of  shaft,  and  shall 

be     fastened     by     bolts     in. 

X  in.  spaced  in.  center  to  center  verti- 
cally and    in.  center  to  center  horizontally. 

(h)  Arm  castings  shall  be  made  of  capable  of  hold- 
ing one  glass,  one  glass,  and  one  

glass,   solid   color.     Each   glass   shall  be    in.   in   diameter   x 

in.   thick,   with   centers    in.   from   center   of 

shaft.     Back  lights   will    be   required. 

(i)     Back  light  castings  shall  be  capable  of  holding  one   

glass,  solid  color.     Glass  shall  be  in.  in  diameter  x  

in.  thick. 

41.  Bridge  and  Bracket  Signals. 

(a)  All    bridge   and    bracket    dolls    shall   be   made   of   four    (4)    in. 

pipe,    mounted    in    base    castings.      Base    castings    shall    be 

cored  for  four  (4)  bolts  one  (i)  in.  in  diameter  at  a  radius  of  

in. 

(b)  Top   of  cross-trees   shall   be    ft in. 

above  base  of  bracket  post. 

(c)  Bracket  post  shall  be  made  of  nine    (9)   in.  and  eight    (8)    in. 

wrought  iron  pipe  with  water-tight  joints  mounted  in   base 

castings.  Base  casting  shall  be  cored  for  four  (4)  bolts  one  and  one- 
half   (i^)    in.  diameter  at  a  radius  of   in. 

(d)  Bridge  dolls  shall  be  located  on   chord  of  bridge. 

(e)  All  signals,  fittings,  and  glass  shall  be  Railway  Signal  Asso- 
ciation   Standard. 

42.  Wire   Lines, 

(a)  Two  wires  shall  be  used  for  operating  each  wire  connected 
signal;  the  normal  operating  wire  shall  have  two  (2)  in.  more  stroke 
than   the  reverse  operating  wire. 

(b)  Wire  lines  shall  be  carried  in  wire  carriers  placed  not  more 
than  twenty-one  (21)  ft.  apart.  Where  wire  lines  run  next  to  pipe 
lines,  the  wire  carriers  shall  be  attached  to  the  pipe  carrier  foundations. 

(c)  Where  wire  carriers  are  attached  to  independent  foundations, 
they  shall  be  placed  not  less  than  six  (6)  ft.  from  gage  of  nearest  rail 
where  practicable. 

(d)  Where  wire  lines  lead  around  curves  the  carriers  shall  be 
placed  at  the  proper  angle  to  prevent  wire  leaving  groove   of  pulley. 

(e)  Turns  in  wire  lines  shall  be  made  around  chain  wheels  with 
a  continuous  piece  of  chain  not  less  than  four   (4)    ft.  in  length. 

(f)  Where  specified  on  plans,  wires  shall  be  run  inside  of  three- 
eight  (^)  in.  galvanized  iron  pipe  under  tracks,  roads,  platforms,  etc., 
provided  at  each  end  with  a  stuffing  box  attached  to  the  pipe ;  stuffing 
boxes  shall  be  provided  with  oil  inlet. 
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43.    Wire. 

Signal  wire  shall  be  hard  drawn,  galvanized  steel   No.  8  B.  W.  G. 


(.165  in.  in  diameter).  The  wire  shall  be  cylindrical,  free  from  scales, 
inequalities,  splices,  and  other  defects.  Each  coil  shall  consist  of  one 
continuous  wire  not  less  than  two  thousand  (2000)  ft.  in  length  and 
five  feet  in  diameter.  A  single  strand  of  this  wire  shall  be  capable 
of  standing  a  load  of  two  thousand  (2000)  lbs.,  and  the  elongation  shall 
not  exceed  four  (4)  per  cent,  in  a  length  of  six  (6)  in.  A  specimen 
taken  from  a  coil  must  be  capable  of  standing  four  (4)  close  turns 
around  its  own  diameter. 

44.  Chain   Wlieels. 

(a)  Chain  wheels  shall  be  made  of  malleable  iron.  Not  more  than 
two  (2)  shall  be  mounted  in  vertical  line.  The  diameter  of  wheels 
shall  be  ten  (10)  in.,  except  box  wheels  and  wheels  used  in  dwarf  sig- 
nal lines,  which  may  have  a  minimum  diameter  of  six   (6)    in. 

(b)  Stands  for  chain  wheels  shall  have  top,  bottom,  and  interme- 
diate supports.     Distance  between  supports  shall  be   in.  and 

bottom  of  bottom  support  shall  be   in.  above  base.    Wheels 

to  be  assembled  with   x   in-  steel  pins.     Bases 

shall  be  cored  for  four   (4)    three-quarter   (^)    in.  bolts   x 

in.  centers. 

45.  Wire  Carriers. 

Sheaves  for  wire  carriers  shall  be  two  (2)  in.  in  diameter  over  all 
and  shall  be  made  up  in  two  (2),  four  (4)  and  six  (6)  ways,  with  no 
more  than  two   (2)   sheaves  in  vertical  line.     Stands  shall  be  drilled  for 

bearings    in.,    and    in.    above    base    of    bearing. 

Bearing  of  sheaves  shall  be  supported  by  sheaves,  and  stands 

shall  be  made  of  malleable  iron,  and  shall  be  secured  to  foundation  with 
two   (2)    one  and  one-half   (il4)   in.  number  fourteen    (14)    screw. 

46.  Wire  Eyes. 

Standard  one  and  one-half  (1%)  in.  galvanized  wire  eyes  shall  be 
used  in  making  all  wire  connections. 

47.  Split  Links. 

Split  links  shall  have  three-quarter  (54)  by  one  and  five-eighth 
(iH)  in.  inside  dimensions  and  be  made  of  five-sixteenth  (^)  in.  gal- 
vanized steel.     After  connections  are  made  points  shall  be  closed. 

48.  Chain. 

(a)  All  signal  chain  shall  be  made  of  one-quarter  (^4)  in.  diam- 
eter     "iron,   and   shall   have  a    maximum   of   fourteen    (14) 

links  to  the  foot.  The  inside  dimensions  of  the  links  shall  be  thirteen- 
sixteenths  by  one   and  three-eighths    (ilxiji)    in. 
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48.  Chain — Continued. 

(b)  All  signal  chain  shall  withstand  a  breaking  test  of  three  thou- 
sand (3000)  lbs.,  and  the  elongation  shall  not  exceed  ten  (10) 
per  cent.  Test  to  be  made  with  piece  of  chain  twelve  (12)  in.  long, 
which  shall  show  no  deformation  after  test.  Any  link  showing  imper- 
fection under  proof  test  of  twelve  hundred  (1200)  lbs.  shall  be  replaced 
before  the  chain  will  be  accepted. 

49.  Lamps. 

Lamps  shall  be  Railway  Signal  Association  Standard  and  shall  be 
furnished   by    

50.  Pins. 

(a)  All  pins  shall  be  made  of  steel  with  a  permissible  variance 
of  .002  in.  under  size. 

(b)  Center  pins  for  cranks,  compensators,  and  switch  and  lock 
movements   shall   be   interchangeable,   and   shall   be  one   and   one-quarter 

(iJ4)     in.    by     in.,    flattened    at    lower    end    to    enter    an 

oblong  hole  in  the  stands  to  prevent  turning,  with  a  groove  in  upper 
end  so  that  they  can  be  easily  removed,  and  cotter  pin  holes  shall  be 
large  enough  to  prevent  shearing  strain  on  one-quarter   (%)   in.  cotter. 

(c)  Connecting  pins  for  cranks,  compensators,  machine  tail  levers, 
bolt  locks,  switches,  pipe  connected  levers,  etc.,  shall  be  seven-eighths  by 
two  and  three-eighths  (%yi2^)  in.  under  head  drilled  for  three-six- 
teenth (^)  in.  cotter  and  two  and  one-eighth  (2%)  in.  from  under 
side  of  head,  and  heads  of  all  connecting  pins  shall  be  either  square  or 
hexagon. 

51.  Bolts,  Screws  and  Washers. 

(a)  All  bolts,  tap  bolts,  set  screws  and  machine  screws  shall  have 
United  States  standard  screw  threads,  nuts  and  heads. 

(b)  All  nuts,  bolt  heads,  tap  bolts  and  set  screws  in  connection  with 
the  machine  shall  have  hexagon  heads,  and  all  other  nuts,  bolt  heads, 
tap  bolts,  set  screws,  etc.,  shall  have  square  heads. 

(c)  All  lag  screws  shall  be  standard  with  gimlet  points  and  square 
heads.  They  shall  be  screwed  their  entire  length  in  holes  previously 
filled  with  oil,  and  holes  shall  be  bored  small  enough  to  provide  full 
thread. 

(d)  Flat  cut  washers  shall  be  used  under  bolt  heads,  nuts  and 
heads  of  lag  screws  where  they  come  in  contact  with  wood. 

52.  Shore  Foundations. 

(a)  Pipe  carrier  foundations  shall  consist  of  cast  iron  piers,  and 
wood  or  iron  tops  and  bottoms  as  specified,  or  of  concrete. 

(b)  Cast  iron  pipe  carrier  foundation  piers  shall  be  two  (2)  ft. 
five  and  one-half  (sK)  in.  long,  cored  at  top  for  two  (2)  one-half  (14) 
in.  bolts,  spaced  five  and  one-half  (sl^)  in.  between  centers,  cored  at 
bottom  for  one  (i)  one-half  (14)  in.  bolt  one  and  one-quarter  (i^)  in. 
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52.  Shore    Foundations — Continued. 

from  center  line,  and  the  average  weight  of  piers  shall  be  not  less  than 
twenty-two   (22)  lbs. 

(c)  Wood  pipe  carrier  foundation  tops  and  bottoms  shall  be  made 
of  two  and  three-quarter  by  seven  and  three-quarter  (2^x7^)  in.  yel- 
low pine  lumber,  dressed  four    (4)    sides. 

(d)  Foundation  for  one  -(i)  one  (i)  way  pipe  carrier  in  main 
pipe  line  shall  be  seventeen  and  one-half  (17^)  in.  long  and  two  and 
three-quarters  (2^)  in.  shall  be  added  for  each  additional  pipe  carrier. 

(e)  Foundations  used  for  one  way  pipe  carriers  in  transverse  pipe 
lines  shall  be  twelve  (12)   in.  long. 

(f)  Pipe  carrier  foundation  tops  shall  be  bored  at  each  end  for 
two  (2)  one-half  (J^)  in.  bolts  one  and  one-half  (i^)  in.  from  end 
to  center  and  five  and  one-half  (sl^)  in.  between  centers.  Pipe  car- 
rier foundation  bottoms  shall  be  bored  at  each  end  for  one  (i)  one- 
half  (lA)  in.  bolt  three  (3)  in.  from  end  and  one  and  one-quarter  (iJ4) 
in.  from  center  line. 

(g)  Two  (2)  cast  iron  piers  shall  be  used  for  each  pipe  carrier 
foundation  up  to  forty-five  (45)  in.  long,  and  one  additional  pier  shall 
be  provided  for  each  additional  thirty-six  (36)  in.  or  fraction  thereof, 
and  intermediate  piers  shall  be  inverted. 

(h)  Pipe  carrier  foundation  tops  and  bottoms  shall  be  fastened  to 
piers  with  one-half  by  four   (V^x4)    in.  bolts. 

53.  Concrete   Foundations. 

(a)  Cranks,  compensators  and  bolt  locks  shall  be  fastened  to  iron 
piers  arranged  with  slot  for  three-quarter  (J4)  in-  bolts,  and  set  in 
concrete.  Plank  to  hold  dwarf  signals,  deflecting  bars,  wheels,  etc.,  shall 
be  four  by  twelve  (4x12)  in.  yellow  pine,  dressed  two  (2)  sides,  and 
fastened  in  a  similar  manner. 

(b)  All  foundations  shall  be  so  constructed  that  apparatus  can  be 
removed   without   disturbing  the   foundations. 

(c)  Foundations  for  straight  signal  post  shall  consist  of  four  (4) 
one   (i)   in.  by  three   (3)   ft.  bolts  set  to  templet  in  concrete. 

(d)  Foundations   for  bracket  signals   shall  consist  of  four    (4)    one 

and  one-half  in.  by  ft.    (i^/^  in.  x ft.)   bolts  set 

to  templet  in  concrete. 

(e)  All  concrete  foundations  shall  be  set  parallel  to  track. 

(f)  Dimensions  of  concrete   foundations  shall   be   as  follows: 

Top.  Base.  Depth. 

Cranks     20x18  in.  36x34  in.  36  in. 

Compensators     34x18  in.  50x34  in.  36  in. 

Two    way   chain    wheels 22x18  in.  38x34  in.  36  in. 

Dwarf    signal    30x16  in.  30x16  in.  36  in. 

Straight  post  signal 26x26  in.  36x36  in.  4  ft. 

Bracket    signal    :38x38in.  48x48 in  5  ft. 
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Note. — Contractor  is  requested  to  use  his  best  judgment  as  to 
proper  size  and  depth  of  base;  to  be  governed  by  nature  of  ground. 
These  styles  are  adaptable  to  good   solid   ground. 
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53.  Concrete    Foundations — Continued. 

(g)  Concrete  foundations  shall  stand  until  properly  set  before  any 
apparatus  is  connected  thereto. 

(h)     All  foundations  shall  be  rigid,   level,  and   in  perfect  line. 

(i)  Wooden  stakes  for  wire  lines  shall  be  three  by  four  inches  by 
five  feet   (3  in.  by  4  in.  x  5  ft.)    with  seven    (7)    in.  point. 

Note. — The  plans  and  specifications  for  concrete  foundations  are 
adaptable  to  solid  grounds.  The  Contractor  is  expected  to  use  his 
best  jojdgment  as  to  the  proper  size  and  depth ;  and  he  will  be  gov- 
erned  by   nature    of  ground. 

54.  Concrete. 

(a)  Concrete  shall  be  made  of  one  part  Portland  cement,  three 
parts  sand,  six  parts  of  broken  stone  and  water  to  make  proper  con- 
sistency. 

(b)  The  outer  exposed  face  to  a  thickness  of  one  (i)  in.  shall 
consists  of  one  part  Portland  cement,  one  and  one-half  (i^/^)  part 
sand,  deposited  simultaneously  with  the  interior  mass.  The  top  sur- 
face shall  be  floated  and  rubbed  smooth  hy  hand  and  true  to  grade 
and  line. 

55.  Painting. 

(a)  General. — All  material  shall  be  pure  and  the  quality  of  paint 
mixed  shall  be  such  as   will   permit   of  the   application   herein   specified. 

(b)  Cleaning. — Surfaces  covered  with  rust,  grease,  dirt  or  other 
foreign  substances  shall  be  thoroughly  cleaned  before  paint  or  oil  is 
applied. 

(c)  Application. — General.  Paint  shall  not  be  applied  to  outside 
surfaces  in  freezing  weather  or  to  wet  surfaces  until  they  are  thor- 
oughly dried. 

(d)  Pigment  finishing  coats  shall  be  sufficient  body  to  form  an 
opaque    coating. 

(e)  Finishing  coats  shall  not  be  applied  until  after  the  expiration 
of  forty-eight    (48)    hours   after   the   previous   coating  has  been   applied. 

(f)  All  priming  coats  shall  be  applied  as  soon  as  is  consistent 
with   the   progress   of   the   work. 

(g)  All  second  coats  shall  be  applied  in  sufficient  time  for  the 
third  coat  to  be  applied  and  dry  when  the  plant  is  completed. 

(h)  All  iron  work,  except  machine,  tie  plates,  and  iron  founda- 
tion piers,  shall  be  painted  one  coat  of  red  lead  and  raw  linseed  oil, 
and  two    (2)    finishing  coats. 

(i)     The   following    specific    finishing   coats    shall   be    used: 

Kind  of  paint.        Color. 

Signal    bridges  ■  and    brackets  

Signal    masts  

All    connections  
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55.     Painting — Continued. 

(j)  Machine. — The  machine  shall  be  painted  one  priming  coat 
and  one  finishing  coat  of  black  japan  from  top  of  latch  shoes  to 
foundation  supports. 

(k)  The  levers  shall  be  painted  one  priming  coat  and  two  finish- 
ing coats,  as  follows : 

Lock   levers,   blue. 

Switch  levers,  black. 

Switch    and    lock    levers,    black    and    blue.      Bottom    half    black    and 

top  half  blue. 

Distant  signal  levers,  lawn  green  or  lemon-yellow. 

Home  signal  levers,  vermilion. 

Spare  levers,   white. 

(I)  The  unfinished  part  of  latch  handle  shall  be  painted  same 
color  as  lever. 

(m)  All  painted  parts  of  machine  above  the  floor  shall  have  one 
coat  of  outside  finishing  varnish.  The  finished  parts  of  the  machine 
shall  not  be  painted.  All  machine  finished  metal  shall  be  slushed  in 
\vhite  lead  and  linseed  oil,  except  locking,  which  shall  be  coated  with 
vaseHne  before  being  shipped. 

(n)  All  chain  and  other  iron  work,  not  machine  finished,  shall  be 
dipped  in  oil  before  being  shipped. 

(o)  Woo~D  Work. — Exposd  wood  work  shall  be  given  one  priming 
coat  and  finishing  coats  as  follows : 

Kind  Number 

paint.        Color.        coats. 

Home  signal  blades  

Dwarf  signal  blades  

Distant  signal  blades  

Foundation  tops  and  bottoms  

(o)     Building. — Signal  stations,  if  built  of  wood,  shall  receive  one 
priming  coat  and  two  finishing  coats   as   specified  below. 

(q)  The  priming  coat  shall  consist  of  yellow  ochre,  and,  when 
thoroughly  dry,  two  coats  of  pure  lead  and  oil,  in  the  following  tints: 


Prepared  paints   manufactured   by. 


will  be  accepted. 

56.    Boxing. 

Where  boxing  is  specified,  it  shall  be  made  of  two  by  eight    (2x8) 
in.    lumber,    dressed   on   one   side.     If   bottom   in   boxing   is    specified,    it 

shall   be   made    of   one    (i)    in rough    lumber.      Where    boxing 

is  required  through  highways,  the  sides  shall  be  made  of  three  by   six 
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56.     Boxing — Continued. 

(3x6)    in.    and   three   by    ten    (3x10)    in lumber   and    shall   be 

spiked    to    the    foundation    tops.      Four    by    twelve    (4x12)    in 

lumber  shall  be  used  for  the  tops  and  it  shall  be  cut  diagonally,  and 
not  nailed  to  the  sides. 

These  specifications  for  Mechanical  Interlocking  have  been  adopted 
by  the  Railway  Signal  Association,  and  it  is  therefore  recommended  that 
they  be  adopted  by  the  Association  and  substituted  for  the  Mechanical 
Interlocking  Specifications  now  embodied  in  the  Manual,  although  some 
slight  amendments  to  these  specifications  will  doubtless  be  necessary  in 
the  next  two  or  three  years.  It  will  be  noted  that  the  Specifications  for 
Mechanical  and  for  Electric  Interlockings  follow  substantially  the  same 
lines,  and  any  differences  will  be  reconciled  by  the  Railway  Signal  Asso- 
ciation during  the  coming  year. 
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SUBJECT  NO.  2.     ELECTRIC  INTERLOCKING  SPECIFICA- 
TIONS. 

Herewith  follows  the  report  of  standing  Committee  No.  Ill  of  the 
Railway  Signal  Association,  on  Standard  Specifications  for  Electric  In- 
terlocking : 

HISTORICAL. 

iMr.  W.  McC.  Grafton,  in  a  paper  read  before  the  students  of  the 
University  of  Wisconsin,  gives  the  dates  of  the  first  installations  of 
power  interlocking. 

The  first  power  plant  built  was  a  pneumatic  machine  which  was 
erected  and  put  into  service  in  1876  at  the  south  end  of  the  "Y"  lead- 
ing to  the  Centennial  tracks  at  West  Philadelphia.  A  hydraulic  machine 
was  first  put  into  service  at  Wellington,  Ohio,  in  1880.  A  hydro- 
pneumatic  machine  was  first  put  into  service  at  Bound  Brook,  N.  J., 
in  1884.  An  electric  machine  was  first  put  into  service  at  Cincinnati, 
Ohio,  in  1890.  The  electro-pneumatic  machine  was  first  put  into  service 
at  Jersey   City,   N.    J.,    in    1891. 

ANALYTICAL    AND    ARGUMENT. 

It  has  been  the  endeavor  of  the  Committee  to  submit  specifications 
for  a  power  plant  for  electric  interlocking  work  in  such  a  way  as  to 
fix  the  essential  elements  as  well  as  to  establish  their  proper  capacity 
ratio.  The  instructions  of  the  Association  have  been  followed  by  in- 
cluding various  notes  of  explanation  as  to  methods  by  which  the  subject 
matter  of  certain  clauses  has  been  determined. 

The  question  of  signals  as  covered  by  Section  50  has  been  recon- 
fidered  and  revised  so  as  to  include  the  work  of  Committee  No.  I. 

The  Association  has  given  the  Committee,  under  Section  60,  the 
benefit  of  a  great  deal  of  discussion  as  to  switch  fitting,  particularly  as 
to  the  question  of  the  lock  rod.  The  Committee  has  felt  that  the 
financial  side  of  any  radical  change  in  construction  of  lock  rods  which 
would  make  necessary  a  change  in  switch  and  lock  movements  should 
be  handled  with  due  deliberation.  The  Committee  feels  that  there 
should  at  this  time  be  given  a  full  consideration  of  the  substitution  of 
some  form  of  hard  metals,  with  a  proper  adjustable  feature,  in  the 
locking  faces  of  plunger  and  rod  rather  than  a  radical  change  in 
structure.  The  subject,  a  vital  one,  can  be  viewed  as  of  somewhat  the 
same  importance  in  its  line  as  is  that  of  the  frog  point  in  track  work 
where  hard  metals  are  now  being  tested. 

The  specifications  for  wire  trunking  have  been  drawn  with  a  view  of 
reducing  the  number  of  sizes  as  used  as  well  as  securing  uniformity  in 
installation. 
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The  drawbridge  specifications  in  sections  130,  131  and  132  may 
conform  to  those  of  Committee  No.  II,  except  in  the  item  peculiar  to 
power  interlocking  as  to  the  cutting  oflf  of  the  power  from  the  control 
connections  of  the  interlocking-  plant  when  the  bridge  lock  lever  is 
normal. 

The  Connnittee  realizes  the  disadvantage  to  the  members  of  the 
present  lack  of  adopted  specifications  for  electric  interlocking  by  this 
Association.  There  has  been  no  attempt  by  the  Committee  to  introduce 
any  radical  change  in  the  best  present  accepted  practice  of  the  mem- 
bers, but  rather  to  submit  an  outline  which  can  be  adopted  as  a  basis 
for  future  advance  as  experience  dictates. 

It  has  been  the  aim  of  the  Committee  to  meet  the  wishes  of  all 
concerned  by  a  full  and  free  discussion  of  the  points  at  issue  so  as  to 
delay  as  little  as  possible  the  work  of  the  Association  in  annual  meeting. 

The  Committee  would  again  call  attention  to  invitations  that  have 
been  issued  to  the  signal  companies  to  meet  the  Committee  at  all 
sessions. 

STANDARD     SPECIFICATIONS     FOR     ELECTRIC     INTERLOCKING. 

Definitions    of   Terms    Used    in    the    Specifications. 

Lantern. — A   cage   or   body   surrounding,   protecting   and    equipped   with 

a  lamp  or  other  source  of  illumination. 
Convertible    Lantern. — A    lantern    equipped    for    the    use   of   either   oil 

or  electric  lamps. 
Signal  Bracket. — A  column  or  post  with  offset  support    (or  supports) 

for  signal  masts. 
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GENERAL. 

1.  Specifications. 

Adherence. — All  the  work  herein  outlined  is  to  be  done  in  strict 
accordance  with  the  specifications,  the  accompanying  plans  and  such 
instructions  as  may  be  given  from  time  to  time  by  the  Purchaser. 

Spirit. — The  nature  and  spirit  of  these  specifications  are  to  provide 
for  the  work  herein  enumerated  to  be  fully  completed  in  every  detail 
for  the  purpose  designed ;  and  it  is  hereby  understood  that  the  Con- 
tractor in  accepting  the  contract  agrees  to  furnish  any  and  everything 
obviously  necessary  for  such  construction. 

Special  Work. — The  Purchaser  will  furnish  herewith  description 
and  drawings   of  all   special  work. 

Copies. — Duplicate  copies  of  these  specifications  will  be  furnished 
by   the    Purchaser    with    request    for  .tender. 

2.  Drawings. 

Preliminary. — The  Purchaser  will  furnish  with  each  copy  of  the 
specifications,  copies  of  all  drawings  indicating  the  work  to  be  per- 
formed. 

The  Contractor  shall  examine  these  drawings,  call  the  Purchaser'- 
attention  to  any  apparent  errors  and  ascertain  the  Purchaser's  wishe? 
regarding  the  same  before  submitting  a  tender. 

Final. — After  the  contract  has  been  awarded,  the  Contractor  shall 
submit  three  (3)  sets  of  the  drawings  showing  proposed  arrangement  or 
construction,  which  require  the  Purchaser's  approval,  one  set  of  which 
will  be  approved  and  promptly  returned.  Should  changes  in  these 
drawings  be  necessary  to  meet  the  requirements  of  the  specifications, 
one  set  will  be  promptly  returned  with  such  changes  indicated  in 
writing,  and  the  Contractor  may  proceed  with  the  work  when  such 
corrections  have  been  made. 

The  Contractor  shall  furnish  four  (4)  sets  of  working  drawings 
for  the  Purchaser's  files  and  upon  request  two  (2)  additional  sets  for 
the  file  of  each  other  interested   company. 

Suitable  framed  manipulation  chart  and  track  diagram  shall  be  fur- 
nished in  place  by  the    

3.  Supervision. 

SuPERVisioN.^All  work  shall  be  under  the  supervision  of  the  Pur- 
chaser's accredited  representative  hereinafter  referred  to  as  the  Super- 
visor. 

Foreman. — The  Foreman  of  installation,  and  his  men,  shall  be 
satisfactory  to  the  Supervisor. 

Instructions. — The  Foreman  of  installation  shall  receive  and  act 
upon  all  instructions  given  by  the  Supervisor  in  writing,  which  do  not 
involve   additioiial    expense   to    the    Contractor. 

Inspection. — All  materials  and  workmanship  will  be  inspected  thor- 
oughly and  carefully,  and  the  Contractor  will  be  held  at  all  times  to 
the  spirit  of  the  specifications. 
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3.     Supervision — Continued. 

The  Supervisor  shall  be  given  free  access  to  all  parts  of  the  work 
during   the   process    of    construction. 

The  Purchaser  will  make  a  final  inspection  and  tests  within  three 
(3)  days  after  the  completion  of  the  work.  Any  defects  or  omissions 
noted  during  this  inspection  shall  be  made  good  by  the  Contractor  with- 
out extra  charge  before  the  work  will  be  accepted  and  paid  for  in  full. 

Defective  Work — The  Contractor,  upon  being  so  directed  by  the 
Purchaser,  shall  remove,  rebuild  or  make  good,  without  charge,  any 
defective  work. 

A.    Alterations. 

Specifications. — The  Purchaser  reserves  the  right  to  make  changes 
in  plans  and  specifications.  All  such  changes  shall  be  handled  in  the 
same  manner  as  the  originals. 

Extras. — Alterations  involving  an  increase  in  cost  of  the  amount 
of  material  to  be  furnished,  or  an  increase  in  cost  of  work  to  be  per- 
formed,   shall    be   classed    as    extras. 

Credits. — Alterations  involving  a  decrease  in  cost  of  the  amount  of 
material  to  be  furnished,  or  a  decrease  in  cost  of  work  to  be  per- 
formed,  shall   be   classed   as   credits. 

Compensation. — No  compensation  shall  be  allowed  for  extras  or 
credits  unless  agreed  to  in  writing. 

5.  Permits. 

The  Purchaser  will  furnish  all  necessary  permits.  Work  requiring 
permits  shall  not  be  performed  until  same  have  been  provided. 

6.  Accidents. 

Precaution. — The  Contractor  shall  place  sufficient  and  proper 
guards  for  the  prevention  of  accidents  and  shall  put  up  and  maintain 
at  night,  suitable   and   sufficient   lights,   except   as   specified   in  Article    16. 

Responsibility. — The  Contractor  shall  save  the  Purchaser  harmless 
and  relieve  him  from  all  responsibility  for  any  damage,  injury  or  loss 
suffered  by  any  person  or  persons  in  the  employ  of  the  Contractor 
while  such  person  or  persons  are  engaged  in  the  construction  of  inter- 
locking, unless  such  damage,  injury  or  loss  is  caused  by  the  negligence 
of  the  Purchaser. 

7.  Payments. 

First  Payment. — The   Purchaser  will  pay   per  cent,   of 

the  contract  price  upon  receipt  of  the  material  on  the  site  of  the  work. 

Second  Payment. — The  plant  will  be  accepted  and  remaining  

per    cent,    of   the   contract    price    will    be    paid    within    thirty     (30) 

days    after   completion    in    conformity   with   the   plans    and    specifications. 

Extras. — Payments  of  extras  involving  additional  compensation 
will  be  made  in  the  same  manner  as  prescribed  for  the  contract  price. 

Credits  involving  a  reduction  in  compensation  will  be  reduced  from 
the  contract  price. 
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8.    Contract. 

As  soon  as  possible  after  the  award  is  made,  the  contract,  in  accord- 
ance with  the  accompanying  form,  will  be  presented  in  duplicate  to  the 
Contractor  for  his  signature,  after  which  both  copies  will  be  signed  by 
the  Purchaser  and  one  of  them  will  be  returned  to  the  said  Contractor. 

DETAIL. 

10.  Intent. 

The  intent  of  this  specification  is  to  clearly  describe  all  of  the 
material  and  labor  required  for  and  the  results  to  be  obtained  by  the 
complete    installation    of    an    electrically    operated    interlocking    plant    at 

on  the  lines  of  the    R.   R.,  as   shown 

in  the  plans  and  supplementary  data  hereto  attached. 

Results. — Note. — This  space  is  provided  for  a  complete  general 
description  of  the  plant  and  all  its  adjuncts  and  of  the  operating  results 
to  be  obtained  therefrom. 

11.  Supplementary    Data. 

Practice. — The  Contractor's  recognized  best  practice  shall  govern, 
except  as  herein  otherwise  provided. 

The  plans,  drawings  and  detail  specifications  attached  to  and 
forming  a  part  of  these  specifications  are : 


12.    Material  and  Workmanship. 

When  it  is  necessary  or  desirable  to  use  apparatus  not  heretofore 
in  use,  the  Contractor  shall  submit  drawings  of  the  same  with  his  pro- 
posal and  the  acceptance  of  such  proposal  shall  constitute  acceptance  of 
such  new  devices. 

All  material  and  workmanship  shall  be  first-class  in  every  respect. 

The  Contractor  shall  furnish  for  replacement,  free  of  cost,  f.  o.  b. 
works,  any  apparatus  or  material  of  his  own  manufacture,  or  furnished 
on  his  specification  which,  when  used  for  its  intended  purpose,  shall 
prove  defective  within  a  period  of  one  year  after  having  been  placed  in 
service.  Defective  material  will  be  returned  upon  written  request  and 
at  the  expense  of  the  Contractor. 

The  Contractor's  standard  apparatus  shall  be  used,  except  as  herein 
otherwise  specified. 

Electric  apparatus  shall  withstand  an  insulated  test  at  the  works 
of  three  thousand   (3,000)  volts  A.  C.  applied  for  one  minute. 

All  magnets  and  solenoids  shall  be  plainly  marked  with  their  re- 
sistance and  the  size  of  wire  with  which  they  are  wound. 

Field  coils  of  motors  and  all  other  magnet  windings  of  mechanisrn 
shall  be  securely  held  to  prevent  vibration. 
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12.  Material   and   Workmanship — Continued. 

Note. — It  is  recommended  that  all  windings  for  apparatus  for 
electric  interlocking  shall  be  treated  by  a  thorough  impregnation  process 
to   resist  moisture   and   improve   the   insulation. 

13.  Transportation. 

The  Purchaser  will   furnish  transportation  for  the  m.eri 

engaged  in,   and  necessary  tools   and  material   required   for,  the  installa- 
tion of  the  plant  over   the   following  railway  lines : 


Shipment   and    Handling. — Tools    and    material    are    to   be    shipped 

To    

Care    of    

At    

Via    

Marked    

Freight  prepaid  to    

The  Purchaser  will  unload  and  properly  house  only  such  material 
as  arrives   in   advance   of  the   Contractor's   men. 

The  use  of  the  following  cars  will  be  permitted  under  the  restric- 
tions of  Articles  Nos.  6  and  i6,  unless  otherwise  indicated  in  this  para- 
graph : 

Number.        Furnished   by 

Motor    cars    

Velocipede    cars    

Handcars     

Pushcars    

When  the  Contractor  is  not  permitted  to  use  handcars  or  pushcars, 
the  Purchaser  will,  at  its  own  expense,  distribute  all  material  to  the 
point  of  use  upon  receipt  of  notification  from  and  under  supervision  of 
Contractor's  Foreman. 

The  Contractor  shall  call  upon  the  Purchaser  for  the  required 
number  of  cars  for  the  return  of  tools  and  unused  material,  and  same 
will  be  furnished  in  ....  days,  after  which  time  the  Purchaser  will,  at 
its  own  expense,  care  for  and  load  all  tools  and  material. 

14.    Track  Work. 

The   Purchaser   will   furnish : 

All  switches,  derails  and  movable  point  frogs  in  place  adjusted  to 
the  required  throw. 

All  ties  in  place  required  for  the  support  of  the  apparatus. 

All  rail  braces  and  will  install  all  except  those  located  on  the 
plates  furnished  by  the  Contractor. 

All  insulated  rail  joints  in  place. 

The  Purchaser  will  move  all  ties  which  interfere  with  installation 
of  the  interlocking  apparatus  or   connections. 
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14.  Track   Work — Continued. 

The  Purchaser  will  remove  all  guard  rail  clamps,  rail  braces,  anti- 
creepers  and  lips  and  otherwise  prepare  the  rail  for  installation  of 
detector  bars. 

The  Purchaser  will  remove  and  replace  all  switch  and  tie  rods 
(other  than  front  rods  on  interlocked  switches)  requiring  a  change  in 
location,  the  application  of  insulation,  adjustment  brackets  or  other 
alterations. 

15.  Obstacles. 

The  Purchaser  will  do  all  preliminary  grading,  provide  adequate 
drainage  and  blast  and  remove  all  solid  rock  that  will  interfere  witli 
the  placing  of  the  interlocking  apparatus  or  connections. 

The  Purchaser  will  furnish  all  extra  labor  and  material  required 
to  place  apparatus  or  connections  in  or  under  all  platforms,  roadways 
or  walks,  the  location  and  construction  of  which  are  not  herein  specified. 

16.  Traffic. 

The  Contractor  shall  not  unnecessarily  delay  or  interfere  with 
traffic.  When  it  becomes  necessary  for  Contractor  to  perform  any 
work  which  may  interfere  with  or  endanger  traffic,  the  Contractor  shall 
notify  the  Purchaser  and  shall  not  proceed  with  said  work  until  traffic 
is*  protected. 

The  Purchaser  will  promptly  arrange  to  protect  traffic  upon  request 
of  Contractor. 

17.  Completion. 

The  Contractor  shall  notify  the  Purchaser,  in  writing,  not  less  than 
seven  (7)   days  before  the  plant  will  be  ready  for  service. 

The  Contractor  shall  put  the  plant  in  service  under  the  supervision 

of  the  Purchaser,  and  shall  leave    competent  men  on  duty 

for   hours  thereafter. 

The  Purchaser  will  maintain  and  operate  the  plant  as  soon  as  it  is 
put   in    service. 

The  Purchaser  will  put  the  plant  in  service,  providing  this  cannot 
be  done  within  three  (3)  days  after  the  completion  of  the  Contractor's 
work. 

The  Contractor  shall  remove  and  dispose  of  all  excess  earth  and  all 
refuse  made  by  the  Contractor's  men  or  shall  load  on  cars,  where  dis- 
posal cannot  be  made  on  right-of-way  within  interlocking  limits. 

18.  Provided   by   Purchaser. 

a  

b     

c     

d    - 

e     

Note. — Items  to  be  provided  by  Purchaser  should  be  assembled  and 
filled  in.  at  this  point. 
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19.    Tenders. 

Sealed  tenders  for  the  work  covered  by  these  specifications  will  be 
received : 

by 

at     

up  to hour  of  the day  of month of at  which 

lime  and  place  said  tenders  will  be  opened.  Bidders  are  invited  to  be 
present. 

Tenders  shall  be  divided   as    follows : 

Note. — This  space  is  provided  for  a  complete  description  of  the 
manner  in  which  the  tenders  are  to  be  divided  for  the  different  portions 
of  the  work. 


The  Purchaser  reserves  the  right  to  reject  any  and  all  bids. 


20.  Tower. 

A building    for    tower stories    high,    and     x 

,  inside  dimensions,  shall  be  built  by  the in  accordance 

with   specifications    and    drawings for    building    and    drawings.... 

.  . .  .for   frame. 

Note. — In   erecting   a  wooden   tower  provision    should   be   made    for 

leadout  wires  in  an  asbestos   lined   or lined   chase,  accessible   for 

its"  entire  length.  Not  less  than  fifty  (50)  per  cent,  of  the  capacity  of 
the  chase   shall  remain  free   for  the   further  installation  of  wires. 

When  fireproof  towers  are  erected  a  special  chase  for  entrance  of 
wires  should  be  provided. 

21.  Power  House. 

A building   for   power   house stories   high   and 

X ,  inside  dimensions,  shall  be  built  by  the in  accord- 
ance with  specifications  and  drawings for  building  and  draw- 
ings   for  frame. 

22.  Foundations. 

foundations  for  the  buildings  shall  be  built  by  the   

in   accordance   with    specifications   and    drawings " 

23.  Gasoline  Tanks. 

Housing    for    gasoline    tank   as    per    drawing ,    located    not 

more  than ft.  from  the  power  house,  will  be  built  by 
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24.    Lighting. 

The  number,   kind,   size   and   distribution   of  electric   lamps   shall  be 
as  follows ; 


1 
Room.                          Number. 

Candle-              1        Location  and 
power.              1         Description. 

Operating  Room 

1 

Lower  Story 

1 

Battery  Room 

Generator  Room 

i 

Special 

i 

Lights  shall  be  controlled  by  switches  located  as  follows : 
Number. 

Operating   Room  Lamps 

Lower  Story  Lamps         

Battery  Room  Lamps      

, Generator   Room   Lamps 

Special    Lamps  


Fixtures  for  electric  lamps  will be  required.     When  required 

they  will  be  provided  by  Purchaser  and  installed  by  Contractor. 

The  electric  lights  and  accessories  shall  be  acceptable  to  and  in- 
stalled under  the  rules  of  the  National  Board  of  Fire  Underwriters 
and  the   attached   requirements   of  the   local   authorities. 

25.    Appurtenances. 

Except  as  otherwise  specified,  all  tools,  fixtures  for  buildings,  and 
supplies  required  for  the  operation  of  the  plant  will  be  furnished  by 
Purchaser. 

POWER     PLANT. 


30.     Composition    and    Location. 

The  power  plant  shall  consist  of: 

engine    connected   to 

motor    connected    to 

generator     

transformer,    together    with mercury 

arc    rectifier charging    rheostat 

operating  switchboard motor   starting  panel 

and storage    batteries,    each    composed    of cells, 

all    in    accordance    with     detailed     specifications    herein     and     shall     be 
installed  by  the in  the   locations  provided  by   the 
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31.    Engine. 

A    cylinder    cycle 

Vertical       ^ 

Horizontal    y    engine   of brake  H.P. 

Turbine       J 

manufactured    by    installed    by    the    

shall  be   furnished   on   a    foundation    to   be   furnished  in 

place  by  the built  in  accordance  with  the  standard  speci- 
fications  of    the and    plans    of    the    manufacturer    of 

the  engine  dated   

A  complete   set   of   wrenches  shall  be   furnished. 

Note. — This  space  is  provided  for  detailed  specifications  of  engine 
to   be   used. 

(a)      

(b)    

(c)     

(d)    

(e)    

Note.— The  engine  should  be  of  such  type  as  to  be  easily  accessible 

for  attention  to  bearings,  adjusting  and  cleaning. 

Note. — For  power  interlocking  work,  as  a  simple  and  desirable 
method  of  operation,  a  constant  rate  of  charging  for  the  storage  battery 
is  taken  as  the  basis  for  the  establishment  of  the  recommended  capacity 
ratios  between  the  battery,  the  generator  and  the  engine. 

GASOLINE     ENGINE      SPECIFICATIONS. 

The  recommended  brake  horse  power  of  the  gasoline  engine  shall 
be  not  less  than  one  and  three-quarters  times  the  kilowatt  capacity 
of  the  generator  at  the  maximum  voltage  and  the  eight  hour  charging 
rate. 

The  engine  shall  run  without  injurious  vibration  and  shall  operate 
continuously  at  manufacturer's  specified  capacity  for  a  period  of  sixteen 
(i6)    hours   without   injurious   heating   in   any   part. 

Regulation  in  speed  shall  be  within  three  (3)  per  cent,  from  no 
load  to  full  load  and  the  regulation  as  recorded  on  the  voltmeter  for 
a  given  current  shall  not  vary  more  than  two  (2)  per  cent,  between 
impulses. 

Electrodes  on  the  engine  for  electric  ignition  shall  be  tipped  with 
platinum    or    an    equally    serviceable    material. 

The   manufacturer's   standard  exhaust   mufifler  shall   be   provided. 

The  engine  and  accessories  shall  be  accepted  to  and  installed  under 
the  rules  of  the  National  Board  of  Fire  Underwriters  and  the  attached 
requirements   of   the   local   authorities. 

Engines  of  twenty-five  (25)  H.P.  or  less  shall  not  exceed  a  speed 
of  four  hundred  revolutions  per  minute. 
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31.      Engine — Continued. 

A    gasoline    tank   of gallons   capacity    shall    be    furnished. 

Both  fuel  and  cooling  tanks  shall  be  made  of  iron  or  steel  with  brazed 
or  riveted  seams.  All  tanks  shall  be  dipped  in  the  galvanizing  kettle 
after   they   are  put   together. 

Sufficient  piping  shall  be  furnished  to  locate  the  gasoline  tank 
ft.    from  the   engine. 

Unions  in  all  piping  shall  be  equipped  with  ground  brass  seats. 

Note.;— For  tanks  both  for  fuel  and  water  it  is  recommended  that 
selection  shall  be  made,  when  practicable,  from  the  following  table : 

GASOLINE  TANKS  FOR  RAILROAD  "WORK. 


Gallons 
Capacity. 

Inches  in 
Diameter. 

Inches  in 
Length. 

Gage  of  Metal. 

Head. 

Body. 

66 
120 
500 

18 
24 
36 

68 

66 

120 

No.  14 
No.  12 
No.  10 

No.  16 
No.  14 
No.  12 

As  a  guide  in  ordering  tanks  it  is  good  practice  to  consider  that 
it  will  require  one-tenth  (^V)  of  a  gallon  of  gasoline  per  H.P.  hour  for 
gasoline    engines. 

For  cooling  the  minimum  of  free  running  water  should  not  be 
less  than  ten  (lo)  gallons  per  H.P.  hour  and  for  the  circulation  tank 
system  not  less  than  fifty   (50)   gallons  per  H.P. 

Unless  otherwise  specified,  an  iron  or  a  steel  cooling  tank  of  suffi- 
cient capacity  for  a  continuous  run  of  ten  hours  on  one  filling,  with 
connections  and  removable  cover,  shall  be  furnished.  Connections  be- 
tween engine  and  tank  shall  be  arranged  for  convenient  and  complete 
drainage  of  the  cooling  system,  for  independent  drainage  of  the  engine 
and  tank,  and  to  conduct  all  waste  water  and  steam  to  the  outside  of 
the  building. 

32.    Generator. 

The  generator  shall  be  shunt  wound,  self-excited,  shall  have  self- 
oiling  bearings,  carbon  brushes,  rheostat,  and  when  belt  connected,  a 
belt  tightener,  sub-base  and  pulley. 

The  normal  or  rated  speed  shall  not  exceed  1,500  R.  P.  M.,  except 
when  direct  connected  to  an  A.  C.  motor  or  steam  turbine. 

The    generator    shall    have    a    continuous    current    capacity    equal    to 

the  eight  hour  rate   ( Amp.)   of  the  battery,  at  a  voltage  equal  to 

the  maximum   voltage    ( volts)    of   the   battery  on  charge,    without 

a  rise  in  temperature  in  any  part  exceeding  40  degrees  C.  (72  degrees 
F.),  above  the  temperature  of  the  surrounding  atmosphere.  It  shall 
be  so  wound  that  its  voltage  at  the  continuous  current  rating  given 
above  may  be  varied  by  means  of  a  field  rheostat  from  the  minimum 
to  the  maximum  charging  voltage  of  the  battery.  The  generator  shall 
be  capable  of  supplying  for  four  hours  a  current  output  twenty-five 
(25)    per   cent,   in    excess   of   the   continuous    current    capacity    referred 
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32.  Generator — Continued, 

to  above  without  a  rise  in  temperature  in  any  part  exceeding  50  de- 
grees C.  (90  degrees  F.)  above  the  temperature  of  the  surrounding 
atmosphere. 

It  is  understood  that  the  temperature  of  the  surrounding  atmos- 
phere is  to  be  based  on  25  degrees  C.  {TJ  degrees  F.),  but  should  the 
temperature  vary  from  this,  corrections  shall  be  made  in  accordance 
with  the  recommendations  of  the  American  Institute  of  Electrical  Engi- 
neers. 

The  current  output  of  the  minimum  allowable  generator  shall  be 
that    required    for    the    operation    of    two    switches    simultaneously. 

With  the  brushes  in  a  fixed  position,  the  generator  shall  be  prac- 
tically sparkless  under  all  operating  conditions  as   outlined  above. 

Note. — These  generator  specifications  will  fix  a  machine  which  in 
normal  power  interlocking  service  will  have  an  ample  overload  capacity 
to   meet  general   requirements. 

33.  Motor. 

The  motor  shall  be H.P.,  with  a  rated  speed  not  to  exceed 

1,500  R.  P.  M.,  if  direct  current,  or  1,800  R.  P.  M.,  if  alternating  cur- 
rent, and   shall   have   automatic   regulation   to  within   20  per  cent,   when 

operating  on to ..volts,   D.  C,   or   on to volts 

cycles,  phase  A.  C,  shall  conform  to  generator  speci- 
fications regarding  heating,  sparking  and  insulation,  and  shall  be  fur- 
nished  with   a   starting  panel. 

34.  Motor  Generator. 

Motor  generators  shall  be  direct  connected,  mounted  on  a  cast  iron 
sub-base  and  shall  conform  to  the  specifications  for  motors  and  gen- 
erators. 

35.  Transformers. 

36.  Storage  Battery. 

(i)     The    storage    battery    shall    consist    of cells    A.    H. 

Capacity type     at     eight     hour     rate with     glass     jars 

manufactured   by or 

(2)  The  storage  battery  shall  consist  of cells  manufac- 
tured by of  sufficient   capacity   to  operate  the  interlocking 

plant,  together  with  all  accessories  which   obtain  a  current  supply  from 

the    main    battery,    electric    lighting included,    for    a    period    of 

days  on  one  charge,  on  the  basis  of lever  move- 
ments  and   of  lights  burning hours   per    twenty-four  hours. 

Batteries  up  to  four  hundred  A.  H.  capacity  shall  be  placed  in 
glass  jars.  All  batteries  shall  be  rated  for  an  eight  (8)  hour  dis- 
charge at  70  degrees  F. 

Note. — For   a   battery   of  a   capacity   greater    than    four   hundred   A 
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36.  Storage   Battery — Continued. 

H.,  wooden  tanks  should  be  required  and  should  be  covered  by  special 
specifications. 

NoTB. — It  should  be  borne  in  mind  both  that  the  capacity  of  a 
storage  cell  decreases  with  a  decrease  in  temperature  and  that  the  extent 
of  such  decrease  should  be  obtained  from  the  manufacturer,  and  also 
that  the  number  of  days  of  excess  capacity  for  the  battery  to  be 
allowed  should  be  stated  and  depends  upon  conditions  of  maintenance 
and  operation,  for  example,  frequency  of  visits  of  maintainer. 

The  cells  shall  be  connected  by  lead  covered  bolts.  Burnt  con- 
nections shall  be  used  when  specified.  The  rows  of  cells  shall  be  con- 
nected together  by  lead  strips  of  as  great  a  sectional  area  as  the  con- 
nections between  cells,  or  by  lead  coated  copper  connections  of  equiva- 
lent carrying  capacity.  Such  connections  shall  be  considered  a  part  of 
the  battery. 

A  plan  showing  separate  battery  room  shall  be  furnished  the 
Contractor. 

The  battery  shall  be  installed  with  a  minimum  vertical  clearance  of 
thirty  inches  above  the  jars  and  so  as  to  permit  the  removal  of  any 
element  without  disturbing  its  containing  jar  or  adjacent  cells.  Unless 
otherwise  specified,  the  battery  shall  be  easily  accessible  from  both  sides 
for  inspection  and  attention.  Plates  shall  be  arranged  transversely  with 
the  rows. 

The  battery  shall  be  provided  with sand  trays  which   shall 

be  so  constructed  as  to  prevent  the  leakage  of  sand  to  the  lower  cells. 

The  insulators  supporting  the  sand  trays  shall  rest  on  wooden  racks 
treated   with   an    acid-proof   paint- 

The  racks   shall  be  supplied  in  place  by  the in   accordance 

with  the  standard  plans  of  the ,   hydrometers  and 

extra  jars  shall  be  provided. 

The  initial  charge  of  the  battery  shall  be  conducted  by 

The  instructions  of  the  manufacturer  shall  be  followed  during  this 
initial  charge  and  a  copy  of  the  readings  which  are  taken  during  the 
charging  period  shall  be   sent  to   him. 

The shall   provide   current  at   the   proper   voltage    for 

the  initial  charge. 

37.  Switchboards. 

General. — Switchboards  shall  be  made  of  oil-finished  slate  not 
less  than  one    (i)    in.  thick  and  free   from   metallic  veins   or   flaws. 

They  shall  be  of  ample  size  to  accommodate  all  the  instruments, 
switches,  etc.,   required   for  the  operation  of  the   plant. 

They  shall  be  supported  on  substantial  iron  frames  and  mounted, 
when  not  more  than  twelve  (12)  in.  wide,  not  less  than  fifteen  (15)  in. 
from  the  wall. 

Note. — The  distance  between  a  switchboard  and  the  wall  depends 
on  the  width  of  the  board  and  the  voltage  employed. 
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37.     Switchboards — Continued. 

They  shall  be  acceptable  to  and  installed  under  the  rules  of  the 
National  Board  of  Fire  Underwriters  and  the  attached  requirements 
of  the  local  authorities. 

The  finish  of  all  fittings  on  each  switchboard  shall  be  uniform 
where  practicable. 

All  switches  shall  be  substantially  constructed  and  so  mounted  as 
to  preserve  their  alinement. 

Each  switch  shall  be  provided  with  a  plate  designating  the  circuit 
which  it  controls. 

National  Standard  enclosed  clip  fuses  of  the  required  capacity  shall 
be  provided  for  all  circuits  not  otherwise  protected. 

Power  Board. — The  power  board  shall  be  equipped  with  one 

ammeter  and  one voltmeter,   ammeter  to   be  arranged  to   show 

current  in  any  circuit.  The  use  of  external  multiple  shunts  will  not  be 
permitted. 

Where  duplicate  charging  sets  are  used  a  voltmeter  switch  shall  be 
provided  for  connecting  meter  to  either  generator. 

A  no-load  reverse-current  circuit-breaker  shall  be  provided  in  the 
battery  charging  circuit. 

The  generator  field  rheostat  shall  be  mounted  on 

of  board. 

Motor  Starting  Panel. — Starting  box  for  D.  C.  motors  shall  be 
designed  to  protect  the  motor  from  overload,  both  in  starting  and  run- 
ning positions,  and  in  case  of  failure  of  the  line  voltage  or  opening  of 
the  field  circuit  shall  return  automatically  to  the  "off"  position. 

The  resistance  shall  be  proportioned  to  start  the  motor  without 
excessive  rushes  of  current  and  without  overheating. 

The  manufacturer's  standard  devices  shall  be  furnished  for  starting 
A.  C.  motors. 

Operating    Board. — The    operating  board    shall   be    equipped   with    a 

ammeter,    arranged    to    show    current    in    the    operating    and 

also  in  auxiliary  circuits  when  used.  The  use  of  external  multiple  shunts 
will  not  be  permitted.  When  low  voltage  auxiliary  circuits  are  used, 
the  ammeter  shall  be  provided  with  high  and  low  reading  scales. 

The  operating  board  shall  be  provided  with  one  2  candle  power  lamp 
for  detecting  grounds,  and  one  2  candle  power  lamp  for  illuminating 
ammeter  scale. 

Binding  posts,  with  two  nuts  and  two  washers  each,  shall  be  pro- 
vided on  bottom  of  operating  board,  for  all  external  connections. 

(D.  P.) 
The  operating  board  shall  be  provided  with  one    .5,    p  ,  knife   switch 

and the  National  Standard  enclosed  fuses  for  the  control 

of  each  signal  lighting  circuit  where  same  are  required. 
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MACHINE. 

40.  Capacity. 

The  interlocking  machine  shall  have : 

levers  for one-arm  high  signals. 

levers  for two-arm  high  signals. 

levers  for arm  high  signal. 

levers  for one-arm  dwarf  signal. 

levers  for two-arm  dwarf  signal. 

levers  for switches  and  derails. 

'.levers  for movable  point  frogs. 

levers  for crossing  bars. 

levers  for lock  levers. 

levers  for spare  spaces. 

spare  spaces. 

Total  spaces. 

41.  Locking. 

The  machine  shall  be  provided  with  mechanical  locking  of  the  pre- 
liminary type,  so  designed  as  to  prevent  the  manipulation  of  levers  for 
conflicting  routes. 

Space  for  one  locking  bar  the  full  length  of  machine  shall  be  pro- 
vided in  the  locking  bed  for  each  spare  space  or  spare  lever.  Locking 
shall  be  so  arranged  as  to  be  -easily  accessible. 

42.  Levers. 

Levers  shall  be  numbered  to  correspond  with  attached  plans.  Normal 
and  reverse  latches  shall  be  provided. 

Lever  handles  shall  be  of  Purchaser's  standard  color,  as  per  follow- 
ing table :  ' 

Home  signal  levers,  vermilion. 

Distant  signal  levers,  lawn  green  or  lemon  yellow. 

Lock  levers,  blue. 

All  other  levers,  black. 

43.  Indication. 

Each  lever  shall  be  provided  with  a  device  to  insure  correspondence 
in  the  movement  of  the  lever  and  that  of  the  unit  controlled  thereby 
before  the  release  of  the  mechanical  locking  can  be  effected. 

Levers  shall  be  free  to  move  between  their  indicating  positions. 

44.  Terminal   Board. 

The  machine  shall  be  provided  with  a  slate  terminal  board,  having 
binding  posts  for  making  all  connections  leading  from  the  machine,  and 
fuses  for  the  protection  of  the  circuit  for  each  operated  unit. 

45.  Case. 

The  machine  shaU  be  enclosed  in  a  case  to  prevent  improper  manipu- 
lation. 
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50.  General. 

All  signals  shall  be  of  the  iron  pole  and  semaphore  type  with 
mechanism  enclosed  in  iron  case. 

Signals  shall  conform  as  to  location  and  dimensions  to  the  Railway 
Signal  Association  standards. 

All  motors  in  place  shall  be  of  sufficient  capacity  and  mechanism 
constructed  to  perform  complete  operation  of  a  ninety  (90)  degree  sig- 
nal of  Railway  Signal  Association  standard,  when  not  more  than 

ft.  from  interlocking  machine,  in  not  more  than seconds  with 

battery  at  ten   (10)  per  cent,  below  normal  voltage. 

The  normal  voltage  of  battery  is  one  hundred  and  ten  (no). 

Note.— It  is  recommended  that  fair  working  conditions  consist  of  a 
distance  of  thirty-five  hundred  (3500)  ft.  from  interlocking  machine  and 
seven   (7)   seconds  time  of  complete  operation. 

51.  Lanterns. 

•f  oil         ) 

The   Purchaser's  standard  ^    ponygj-tible    I   ^^"*^^''"s,   as   manufactured 

by shall  be    furnished  by 

52.  Arms  and   Spectacles. 

High   signal  arms   shall  be ft.   long,    in.   wide  at 

outer  end,  and  made  of  well  seasoned  clear  white  ash,  or  equally  good 
material. 

Dwarf    signal    arms    shall    be   flexible    or    hinged,    and in. 

long. 

Painting  of  blades  shall  be   as   shown  on  Drawing  No , 

dated ,   attached.  , 

The  Purchaser's  standard  signal  spectacle  castings  shall  be  used,  as 
shown  on   Drawing  No ,  dated ,  attached. 

Roundels  shall  be  solid  color,  one-fourth  (%)  in.  thick,  and  supplied 
as  follows : 

Caution,  color   ,  Dia in. 

Stop,  color  ,  Dia in. 

Proceed,   color    ,  Dia in. 

Dwarf,  color   ,  Dia in. 

Back,   color    ,  Dia in. 

Color  density  of  roundels  shall  be  as  per  attached  specifications  of 
the  Purchaser,  or  shall  be  within  the  following  limits : 

Scale. 

Color     Scale  Scale. 

Red    to to 

Green    to to 

Yellow    to to 

Blue     to to 

Purple  to to 
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53.    Foundations. 

Foundations  shall  be  made   of  concrete,   and   in  general  conform   to 

the    Purchaser's   standard,   as   shown   on plan   No , 

dated ,    attached. 

Dimensions  of  top  of  signal  foundations  shall  be  six  (6)  in.  greater 
than  dimensions  of  bottom  of  mechanism  case  or  base  of  signal. 

The  minimum  foundation  shall  have  a  top  surface  two  and  one- 
half  (2l^)  ft.  square,  a  bottom  surface  three  and  one-half  (3%)  ft. 
square,   with   a   vertical   height   of   four    (4)    ft. 

Concrete  shall  be  mixed  in  the  following  proportions : 


Anchor  bolts  for  high  signals  shall  be  one  (i)  in.  in  diameter  and 
three  (3)  ft.  long. 

Anchor  bolts  for  signal  brackets  shall  be  one  and  one-quarter  (ly.l) 
in.  in  diameter  and  four    (4)   ft.  long. 

Ladders  shall  be  provided  with foundations,  as  shown  on 

Drawing   No ,   dated ,  attached. 

54.    Electric   Lighting. 

Electric  lighting  of  signals  will be  required. 

Convertible    lanterns    shall    be    equipped    with candle    power 

incandescent  lamps  and  marine  receptacles,  in  accordance  with 

Drawing   No ,   dated ,   attached,   also   with   oil 

fonts    and    burners extra    incandescent    lamps    shall    be 

furnished. 

Electric  lights  on  signals  shall  be  arranged  on circuits 

as  follows : 

(Distribution  and  grouping  of  lights  for  each  circuit  to  be  shown  in 
this  space.) 

SWITCHES. 

60.    General. 

Switch  mechanisms  shall  perform  their  normal  operations  in  the  fol- 
lowing sequence : 

1.  Unlock  switch. 

2.  Throw  switch. 

3.  Lock  switch. 

4.  Indicate. 

All  motors  in  place  shall  be  of  sufficient  capacity  and  mechanisms 
constructed  to  perform  complete  operation  of  normal  and  reasonablj'  free 
working  switch  in  not  more  than   four    (4)    seconds   at   a   distance   from 

interlocking    machine    of   not    more    than ft.,    with    battery    at    ten 

(10)  per  cent,  below  normal  voltage.  The  normal  voltage  of  battery 
is  no. 

Note. — It  is  recommended  that  fair  working  conditions  consist  of  a 
distance  of  one  thousand    (1,000)    ft.   from   interlocking  machine. 
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60.  General — Continued. 

Mechanisms  shall  be  so  constructed  and  equipped  that  switch  can 
be  stopped  or  reversed  at  any  point  of  movement  by  manipulation  of 
lever  controlling  same. 

Mechanism  shall  be  equipped  with  an  efficient  friction  clutch  to  pre- 
vent damage  to  same  in  case  movement  of  switch  is  obstructed.  If  fric- 
tion clutch  fails  to  release  motor,  all  parts  of  mechanism  shall  be  strong 
enough  to  permit  of  stopping  the  switch  at  any  point  of  its  movement 
by  introduction  of  an  obstruction  between  point  and  stock  rail  without 
injury  to  any  part. 

Staggered  locking  shall  be  provided  for  the  normal  and  reverse 
position  of  the  points. 

The  hole  or  notch  in  lock  rod  shall  be  not  more  than  one-sixteenth 
(tV)   in.  larger  than  plunger  measured  in  a  horizontal  line. 

Note. — It  is  recommended  as  a  safe  and  better  method  of  operation 
that  a  rectangular  lock  rod  be  employed  with  a  vertical  locking  face  of 
a  height  as  great  as  practicable.  Consideration  should  be  given  to  the 
substitution  of  better  wearing  and  stronger  materials  for  those  at  pres- 
ent employed  in  the  locking  edges  and  surfaces  of  the  plunger  and  lock 
rod,  and  endeavor  should  also  be  made  to,  in  the  best  practical  way, 
secure  as  great  an  engaging  area  as  possible  when  the  lock  rod  is 
moved  three-thirty-seconds    (3^2)    in.  out  of-  lock  position. 

Switch  mechanism  shall  be  protected  by  substantial  iron  covers 
fastened  to  ties  or  mechanism  with  wrought  or  malleable  iron  fasten- 
ings, in  a  manner  to  permit  of  convenient  inspection  of  mechanism. 

The  location  of  switch  operating  mechanism  shall  be  as  shown  on 
Plan  No ,  dated ,  attached. 

All  parts  of  mechanisms  and  covers  shall  be  placed  outside  of  clear- 
ance limits,  as  shown  on  diagram  on Plan  No ,  dated 

,   attached. 

61.  Mechanical  Connections. 

The  mechanical  connections  for  switch  mechanism  shall  be  arranged 
in  accordance  with  Contractor's  standard  practice,  unless  otherwise  pro- 
vided. 

Strength  of  connections  shall  be  such  that  switch  points  can  be 
stopped  by  placing  an  obstruction  between  point  and  stock  rail  at  any 
part  of  stroke  without  breaking  or  bending  any  such  connections. 

Both  the  operating  rod  and  the  lock  rod  shall  be  of  sufficient  strength 
to  alone  and  independently  hold  the  switch  points  in  position. 

Connections  shall  be  strong  enough  to  prevent  bending  or  breaking 
in  case  mechanism  is  operated  when  detector  bar  is  engaged  by  wheels 
of  a  car  or  engine. 

When  either  pipe,  pipe  joint  material,  pipe  carriers,  compensators, 
cranks  or  other  such  material  are  used  in  connections  between  move- 
ments and  detector  bars,  such  material  shall  conform  to  the  Mechan- 
ical Interlocking  Specifications  of  the  Railway  Signal  Association. 
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61.  Mechanical    Connections — Continued. 

All  tics  whose  relative  location  affects  the  correct  operation  of 
mechanism  shall  be  securely  strapped  together,  as  shown  on  Purchaser's 
Plan  No ,  dated ,  attached. 

62.  Detector  Bars. 

Bars   shall   be    located   as    shown    on Plan    No , 

dated ,  attached,  unless  otherwise  specified. 

Note. — Bars  on  curves  should  be  located  on  inside,  outside  or  both 
sides  of  curve,  or  as  determined  by  local  operating  traffic  conditions. 

Detecfor  bars  shall  be  arranged  to  give  fifty-three  (53)  ft.  continu- 
ous protection  for  all  switches,  derails,  movable  wing  and  movable  point 
frogs. 

When  used  on  outside  of  rail,  detector  bars  shall  be  made  of  one- 
half  by  two  and  one-quarter  (14x214)  in.  wrought  iron  or  steel,  and 
have  one  beveled  edge,  square  ends  and  bolted  joints.  Full  length  bars 
shall  be  made  up  in  eighteen   (18)   ft.  sections. 

Bars  shall  be  drilled  one  (i)  in.  from  bottom  of  bar  to  center  of 
hole  for  three  (3)  one-half  (J^)  in.  countersunk  head  bolts  or  rivets. 
The  first  hole  shall  be  one  (i)  in.  from  end  to  center  and  two  (2)  in. 
between  centers  of  holes.  Where  splice  plates  are  specified,  they  shall 
be  made  of  wrought  iron  or  steel  one-half  by  two  by  twelve  (^  x2x  12) 
in.,  riveted  at  the  end  of  bar  with  three  (3)  one-half  by  one  and  one- 
eighth  (l4'x.i]4)  in-  countersunk  head  rivets  and  attached  to  intermediate 
adjacent  sections  by  three  (3)  one-half  by  one  and  one-half  OAxiVz) 
in.  countersunk  head  bolts,  with  nuts  held  in  place  by  nut  locks. 

Driving  pieces  shall  be  made  of  wrought  iron  or  steel  arranged  for 
one  and  one-quarter  (ijO  in.  jaw  connections.  The  part  where  the  jaw 
is  connected  shall  be  three-quarters  by  two  by  three  (^X2x3)  in.,  and 
part  riveted  to  bar  shall  be  one-half  by  two  by  six  (^  X2x6)  in.,  drilled 
for  three  (3)  one-half  (V2)  in.  rivets,  one  (i)  in.  from  end  and  two  (2) 
in.  between  center  of  holes.  Offset  from  bar  to  jaw  connection  shall 
be  one  and  one-half   (iH)    in. 

Driving  pieces  shall  be  placed  midway  between  two  (2)  clips  in 
space  not  occupied  by  joint,  and  the  driving  rod  shall  have  not  more 
than  seven    (7)    ft.  of  its  length  unsupported. 

Fifty-three    (53)    ft.  bars  shall  be  mounted  on  seventeen    (17) 

type  rail  clips,  and  a  proportionate  number  of  clips  shall  be  used  for 
longer  or  shorter  bars. 

Centers  of  rail  clips  shall  be  placed  eight  (8)  in.  and  twenty-six  (26) 
in.,  respectively,  from  ends  and  the  remaining  clips  approximately  four 
(4)   ft.  apart. 

Where  radial  arm  clips  are  used  combination  bar  stops  and  guides 
shall  be  provided  for  every  ten  (10)  ft.  of  bar  (equally  spaced),  and  not 
less  than  two    (2)    such  stops  on  one  bar. 

Bars  shall  be  mounted  substantially  and  operated  close  to  head  of 
rail   in  a   plane   inclined   toward   the   center   of  track. 
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62.     Detector    Bars — Continued. 

Bars  shall  rise  a  minimum  of  three-quarters  (^)  in.  above  top  of 
rail  at  every  point  before  the  unlocking  of  the  switch,  and  shall  rest  one- 
quarter  (%)   in.  below  top  of  rail  when  lever  travel  is  completed. 

Detector  bars,  when  practicable,  shall  be  so  connected  that  the 
unlocking  movement  when  switch  is  in  the  main  line  position  shall  be 
in  the  reverse  direction  to  the  facing  movement  of  traffic  over  the  points. 

Where  rocker  shafts  are  used,  they  shall  be  made  of  two  (2)  in. 
square  cold  rolled  steel  with  movable  bearings  and  crank  arms.  Arms 
shall  be iron  and  nine  (9)  in.  center  to  center.  The  bear- 
ings shall  be  securely  bolted  to  ties  with  four  (4)  three-quarter  (^)  in. 
bolts.     The  maximum  spacing  of  supports  shall  be  six    (6)    ft.  centers. 

Other  detector  bar  fittings,  where  required,  shall  be  Railway  Signal 
Association   Standard. 

Detector  Track   Circuits. — Detector   track  circuits   will be 

required  in  addition  to  )     ,  , 

,•         ,      >  detector  bars, 
lieu  of      J 

When  detector  track  circuits  are  required,  they  shall  conform  to  the 
following  specifications : 

Note.— Detail  specifications  to  be  given  here  for  results  required  of 
detector  track  circuits  as  to  control  of  switches,  etc. 


Note. — Reference  is  made  in  Section  100  to  various  purposes  to 
which  such  circuits  may  be  applied. 

63.    Switch   Circuit  Controllers. 

Circuit  controllers  of  substantial  construction  and  positive  in  action 
shall  be  provided  for  each  switch  mechanism,  and  shall  be  so  constructed 
that  they  can  be  maintained  to  make  or  break  circuit  when  switch  point 
shall  be  moved  from  the  closed  position  three-sixteenths   (fs)   of  an  inch. 

Operating  rods  of  switch  circuit  controllers  shall  be  one  (i)  in.  in 
diameter  and  adjustable,  with  a  maximum  distance  apart  of  supports  of 
three  (3)   ft. 

Note. — Consideration  should  be  given  to  the  question  of  the  con- 
nection of  the  circuit  controller  to  the  switch,  as  to  whether  one  or  both 
points  shall  be  positively  connected,  and  if  but  one  point,  which  shall 
be  selected.  It  is  recommended  that  circuit  controller  be  insulated  from 
tie  plate  and  switch  point. 

wire  and  wiring. 

70.  Specification. 

All  wire  shall  conform  to  the  standard  specifications  of  the  Railway 
Signal  Association. 

71.  Size. 

All  wires  shall  be  of  sufficient  size  to  permit  operation  of  switch 
and  signal  mechanism  in  accordance  with  previous  specifications. 
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71.  Size — Continued. 

Rubber  covered  wire  smaller  than   No.  14  B.  &  S.  shall  not  be  used. 
Copper  line  wire  smaller  than  No.  10  B.  &  S.  shall  not  be  used. 

72.  Tagging. 

All  wires  shall  be  tagged  at  all  junction  boxes,  switches,  signals, 
relay  boxes,  arrester  boxes  and  at  all  line  wire  connections. 

All  tags  shall  be  made  of  vulcanized  sheet  fiber  not  less  than  one- 
sixteenth  (ie)  in.  thick,  firmly  attached  to  the  wire  by  best  quality  tarred 
yacht   marline  one-sixteenth    (^)    in.   in   diameter. 

The  tag  shall  have  a  stamped  imprint  to  show  the  functions  of  the 
wire. 

73.  Runs. 

Wires  shall  be  laid  loosely  in  trunking  without  stretching  or 
crowding. 

All  wires  shall,  as  far  as  practicable,  be  continuous  without  joints 
or  breaks  between  interlocking  machine  and  the  unit  operated;  joints 
when  made  shall  be  in  junction  boxes  and  only  made  on  permission 
from   Supervisor. 

In  submarine  cable  work  spare  wires  up  to  twenty-five  (25)  per 
cent,  of  the  number  in  use  shall  be  provided  as  specified.  When  spare 
wires  are  required  in  other  than  cable  work  the  number  and  size  shall 
be   specified. 

74.  Common. 

Unless  otherwise  specified,  common  wires  shall  be  continuous  without 
joints  or  breaks  from  interlocking  machine  to  the  limits  of  the  inter- 
locking plant. 

Reductions  in  size  of  common  wire  and  connections  to  pole  lines 
shall  be  made  in  junction  boxes. 

All  connections  between  branches  and  main  common  wires  shall 
be  made  in  junction  boxes,  with  combination  clamps  and  terminals 
mounted  on  slate  bases. 

But  one  unit  shall  be  connected  to  one  branch  from  the  common 
wire. 

No  common  wire  shall  be  less  than  No.   12  B.  &  S.  gage. 

75.  Joints. 

Joints  must  be  made  as  follows: 

Braid  shall  be  pulled  back  one  ( i )  in.  from  end  of  rubber  on  each 
side  of  splice,  and  rubber  cut  with  knife  held  at  an  angle  of  approxi- 
mately thirty  degrees  with  axis  of  wire,  as  one  would  sharpen  a  pencil. 

After  removing  rubber,  wire  shall  be  thoroughly  cleaned,  care  being 
taken  to  prevent  injury  from  small  cuts  or  nicks. 

Wire,  after  being  cleaned,  will  be  twisted  together  in  the  form  of 
a  regular  line' wire  splice,  turns  being  spaced  approximately  one-sixty- 
fourth    (b'i)    ill. 

Joints  shall   then   be    soldered   by   pouring   on,   or   dipping   wire    into, 
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75.     Joints — Continued. 

melted  solder,   a   non-corrosive   rosin   flux  being   used.     After  soldering, 

joints  shall  be  painted  with insulating  paint  or  with 

compound.     Joints  will  then  be  covered  with  two  layers  of 

insulating  tape  between  ends   of  braid,  which   tape  shall  be  heated   suf- 
ficiently to  form  a  tight  covering  but  not  enough  to  injure  the  quality 

of  the  material.     Coating  of insulating  paint  or 

compound  shall  be  put  on  over  insulating  tape  and  two  layers  of 

adhesive   or   friction   tape    shall   be   applied,   after   which    the   outside   of 
joint  is  to  be  painted  with insulating  paint. 

WIRE    PROTECTION. 

80.    Trunking  and   Conduit. 

Trunking,  when  on  stakes  above  ground  and  running  parallel  with 
the  track,  shall  not  be  placed  nearer  than  six  (6)  ft.  from  the  gage  side 
of  the  nearest  rail  except  by  special  permission. 

Local  conditions  shall  determine  the  height  of  trunking  when  above 
ground ;  in  general,  when  trunking  is  run.  parallel  with  the  tracks,  bot- 
tom of  trunking  shall  be  placed  approximately  six  (6)  in.  above  the 
ground. 

The  location  of  the  main  runs  of  trunking  is  shown  on  Plan  No.  ..  ., 
dated ,  attached. 

Note. — Permission  should  be  obtained  to  place  between  tracks  run 
of  trunking  parallel  with  the  tracks. 

Material. — All  grooved  trunking,  built  up  trunking  and  all  capping, 
as  specified,  shall  be  made  in  accordance  with  Railway  Signal  Associa- 
tion drawings  for  standard  wood  trunking,  dated  July  8,   1908,  attached. 

Commercial  sizes  of  lumber  shall  be  used,  finished  on  one  side  and 
two  edges. 

Where  slight  changes  in  dimensions  of  grooved  or  built  up  trunking 
are  necessary,  either  due  to  failure  of  the  commercial  lumber  to  run  to 
exact  sizes  or  due  to  finishing  of  the  surfaces,  such  changes  shall  be 
allowed  for  in  the  walls  of  groove,  the  groove  remaining  exact  size 
throughout. 

As    specified,    capping    shall    be    securely    fastened    to    trunking    with 

\  gate  hooks. 
I       nails. 

Note. — It  is  recommended  that  gate  hooks  be  used  on  main  runs  of 
trunking  and  nails  on  cross  leads. 

Nails  shall  not  be  driven  through  the  trunking  from  the  inside  of 
the  groove  nor  shall  they  be  driven  into  the  groove   from  the  outside. 

Drainage  of  the  trunking  shall  be  provided  as  follows : 


Inside   corner    of   trunking,    at    turns,    must   be    rounded    to    prevent 
insulation  on  wires  being  injured. 
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80.     Trunking    and    Conduit — Continued. 

Not  less  than  one-third  (J<3)  of  the  capacity  of  the  groove  shall 
remain  free  for  the  further  installation  of  wires. 

Surfaces  of  trunking  that  are  to  be  painted  shall  be  finished. 

Treated  trunking  must  be  used  when  specified,  and  shall  comply 
with  the  requirements  as  to  treatment  which  are  attached 


When  specified,  the  wires  in  the  trunking  shall  be  loosely  bound 
and  shall  be  so  laid  in  pitch  as  to  be  practically  free  of  contact  with  all 
walls  of  the  trunking.     Pitch  as  used  must  not  crack  at  a  temperature 

of degrees    R,    and    must   not   melt   at   a    temperature    of 

degrees  F.  It  must  neither  contain  any  material  nor  be  applied  at  a 
temperature  which  will  injure  the  rubber  insulation. 

Boot-Legs. — Boot-legs  for  track  connections  shall  be  made  according 

to Plan   No ,   dated ,   attached,  and 

shall  be  securely  fastened  to  the  trunking  not  less  than  two  (2)  in.  from 
base  of  rail,  and  shall  not  extend  more  than  one  (i)  in.  above  base 
of  rail. 

Joints. — Except  as  otherwise  shown  in  drawings  which  have  been 
furnished,  all  joints  in  grooved  trunking  shall  be  lapped,  the  ends  of 
trunking  being  beveled  at  an  angle  of  forty-five   (45)    degrees. 

When  trunking  is  built  up  all  joints  shall  be  staggered. 

All  joints  in  capping  shall  be  made  at  least  one  (i)  ft.  from  joints 
in  trunking. 

81.    Supports. 

Trunking  above  ground  shall  be  supported  on  stakes  placed  not 
more  than  five  (5)  ft.  centers. 

Except  as  shown  on  attached  drawings,  stakes  shall  be  made  of 
three  (3)  in.  by  four  (4)  in.,  or  of  equivalent  circular  sec- 
tion, and  of  sufficient  length  to  allow  them  to  be  placed  at  least  two 
(2)  ft.  in  the  ground.  When,  due  to  local  requirements,  such  as  contour 
of  the  ground  or  other  physical  conditions,  stakes  of  a  greater  length 
than  three  (3)  ft.  six  (6)  in.,  or  a  greater  cross-section  than  three  (3) 
in.  by  four  (4)  in.  will  be  necessary,  information  as  to  the  number, 
length  and  cross-section  of  such  will  be  furnished  by  the  Purchaser  to 
the  Contractor. 

All  stakes  supporting  trunking  shall  be  placed  vertically  and  extend 
at  least  two  (2)  ft.  below  the  surface  of  the  ground,  unless  otherwise 
specified. 

A  piece  of  "capping  eight  (8)  in.  long  and  the  width  of  the  trunk- 
ing shall  be  placed  between  the  trunking  and  each  stake. 

All  joints  in  the  bottom  of  the  trunking  shall  be  supported  by 
stakes. 
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81.     Supports — Continued. 

Where  trunking-  exceeds  a  width  of  seven   (7)   in.  a  special  arrange- 

.    .  r  '  f  'I  double  line  of  stakes  1  ,    ,,  ,      • 

ment   consisting   of  ,  (         ....         j.    ,  )  stakes  shall  be  mstalled, 

'^         11'^  single    line  of    large  j 

or  provision  shall  be  made   as   follows 


82.  Junction   Boxes. 

Location. — Junction  boxes  shall  be  located  as  shown  on 

Plan   No ,    dated ,   attached    (which    also   shows 

general  runs  of  trunking),  and  at  a  height  sufficient  to  allow  terminals 
to  be  placed  at  least  six    (6)    in.  above  top  of  tninking. 

When  so  indicated  on  plan,  junction  boxes  shall  be  supported  in  the 
same  manner  as  the  trunking. 

Material. — Junction  boxes  shall  be  made  of and  so 

designed  that  terminals  will  be  kept  dry.  Each  junction  box  shall  be 
fitted  with  a  cover,  hasp  and  staple  suitable  for  the  Purchaser's  standard 
lock,  No ,  made  by 

Size. — Where  ten  (10)  or  less  wires  are  used,  junction  boxes  shall 
be  sixteen  (16)  in.  square  by  twenty  (20)  in.  deep  inside  dimensions, 
and  shall  be  increased  six  (6)  in.  in  length  for  each  ten  (10)  or  fraction 
thereof  additional  connections  made  in  the  box. 

83.  Lightning   Arresters. 

Lightning  arresters  of design   shall  be   used   at  all  aerial 

line  connections. 

Lightning  arresters  shall  be  grounded  through  two  (2)  No.  8 
B.  &  S.  gage  copper  wires  (insulated  above  ground),  wrapped 
around  and  soldered  to  a  galvanized  iron  ground  rod  not  less  than  one 
(i)    in.  in  diameter,  driven  eight    (8)    ft.  into  the  ground. 

Where  such  ground  connection  is  not  satisfactory  the  desired  pro- 
tection for  each  point  shall  be  specified  by  the  Purchaser  and  furnished 
in  place  by  the 

84.  Fuses. 

The  necessary  fuses  to  properly  protect  all  apparatus  and  circuits 
shall  be  installed. 

Double  pole  fuse  cut-out  shall  be  provided  for  each  circuit  on  the 
power  board. 

An  additional  double  fuse  cut-out  shall  be  placed  in  storage  battery 
leads  as  near  as  possible  to  battery  terminals. 

CIRCUITS. 

90.    General. 

All  circuits  shall  conform  to  the  Contractor's  recommended  practice 
unless  otherwise  specified. 
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91.  Signals. 

All  high  and  intermediate  speed  signals  shall  be  so  controlled  by 
circuit  breakers  on  all  facing  derail,  switch  and  frog  points  over  which 
they  govern,  that  unless  such  points  are  in  proper  position  and  locked 
the  signals  will  assume  the  stop  position.  Low  speed  signals  shall  be 
controlled  by  facing  point  derails  in  the  same  manner. 

Each  distant  signal  shall  be  controlled  by  circuit  breakers  on  all 
signals,  the  indication  of  which  it  repeats,  and  so  arranged  that  the 
circuit  to  the  distant  signal  is  broken  unless  all  signals  for  the  track 
governed  are  in  proceed  position. 

All  non-interlocked  single  main  line  switches,  both  ends  of  cross- 
over switches  and  siding  derails  between  home  and  distant  signals  shall 
be  protected  by  switch  circuit  controllers. 

92.  Switches. 

The  circuits  for  facing  point  derails  shall  be  controlled  by  normally 
closed  circuit  breakers  on  all  signals  governing  over  them. 

93.  Cross  Protection. 

Protective  circuits  shall  be  so  arranged  as  to : 

(a)  Automatically  disconnect  any  unit  or  units  improperly  supplied 
with  power. 

(b)  Prevent  the  restoration  of  power  until  the  trouble  is  removed. 

(c)  Cause  an  operative  failure  in  event  of  any  failure  in  the  pro- 
tective circuit. 

94.  Switchboard. 

The  Contractor's  recommended  arrangement  of  circuits  shall  be 
followed,  subject  to  necessary  modifications  on  account  of  special  require- 
ments. 

95.  Electric   Lighting. 

96.  Special. 

Note. — The  Purchaser  will  here  indicate  in  full  detail  all  special  cir- 
cuit  requirements. 

(a)    • 

(b)    

(c)    

(d)    

(e)    

TRACK    CIRCUITS. 

100.    General. 

The  Contractor  shall  provide track  circuits  as  shown  by 

the  shaded  tracks  on  Purchaser's  plans.  The  purpose  or  purposes  of 
each  track  circuit  will  be  indicated  on  the  plan  by  one  (i)  or  more  pf 
the  following  letters: 
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100.  General — Continued. 
Number. 

S for  control  of  semi-automatic  signals. 

D in  place  of  or  in  addition  to  detector  bars. 

F for  control  of  fouling  point  indicators. 

A for  control  of  annunciators. 

R for  control  of  route  locks. 

B for  control  of  automatic  block  signals. 

C for  control  of  highway  crossing  bells. 

All  sidings  and  siding  crossovers  shall  be  protected  by  shunt  track 
sections  extendins  to  the  fouling  point  of  derail ;  main  line  crossovers 
shall  be  protected  by  as  much  shunt   track  section   as   can  be  obtained. 

101.  Bonding. 

All  rail  joints,  except  as  mentioned  below,  shall  be  bonded  with 
two  (2)  No.  8  W.  &  M.  gage  (.162  in.  diameter)  E.  B.  B. 
galvanized  iron  wires in.  long. 

Note. — There  should  be  a  specification  submitted  covering  the  manu- 
facture of  the  material  in  the  bond  wires. 

Bond  wires  shall  be  located  outside  of  splices  and  at  least  one  wire 
shall  be  on  gage  side  of  rails. 

Each  bond  wire  shall  be  fastened  at  each  end  into  the  web  of  the 
rail  by  a  channel  pin  or  bonding  tube. 

Bonding  shall  be  completed  on  the  same  day  that  holes  are  drilled. 

Note. — It  is  recommended  that  No.  6  B.  &  S.  gage  bare 
copper  or  copper-clad  bond  wires  shall  be  used  in  tunnels  and  applied 
as   above  mentioned. 

It  is  recommended  that  at  joints  in  highway  and  street  crossings 
and  in  station  platforms  that  two  iron  or  copper-clad  bond  wires  shall 
be  used  on  gage  side  of  rail  and  two  copper  or  copper  clad  wires  on 
outside  of  rail  and  applied  as   above   mentioned. 

Frogs  shall  be  bonded  in  the  same  manner  as  rail  joints  and  shall 
be  so  connected  that  the  continuity  of  the  track  circuit  will  be  broken 
when  they  are  taken  from  the  track. 

Pins  or  tubes  shall  be  made  of  iron  or  steel  coated  with  copper  or 
tin  and  shall  be  of  such  length,  shape  and  hardness  that  when  driven 
into  the  rail  in  combination  with  the  bond  wire  they  will  completely 
fill  in  cross-section  a  nine-thirty-second  (s'z)  in.  hole  in  web  of  rail 
and  will  form  a  good  mechanical  and  electrical  connection. 

The  following  types  of  channel  pins  or  bonding  tubes  are  satis- 
factory to  the   Purchaser 

Pins  or  tubes  will  be  calibrated  by  the   Purchaser. 

A  selection  will  be  made  from  each  package  of  pins  for  test. 

A  variation  of  the  thickness  of  the  pin  or  tube  between  the  base 
of  the  groove  at  the  center  and  tlie  outer  wall  greater  than  one-sixty- 
fourth    (  gV  )    i'T-   will   not  be   permitted,   or  else   a  variation  either  way 
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101.  "Bonding — Continued. 

from  the  outside  diameter  of  the  standard  pin  or  tube  at  center  greater 
than  one  one-hundred-twenty-eighth     (xls  )    if-  will   not  be  permitted. 

The  entire  shipment  will  be  rejected  should  five  (5)  per  cent,  of 
the  pins  or  tubes  tested   prove  defective. 

102.  Insulated  Joints. 

Insulated  rail  joints  shall  be  furnished  by  the  Purchaser  and  in- 
stalled by  the  Purchaser  at  joints  designated  by  the  Contractor. 

Insulations   for  bridle   rods    shall   be   furnished    by  the and 

installed  by  the   Purchaser  at  points   designated  by  the   Contractor. 

Insulated  tie  plates  and  other  insulated  interlocking  connections 
shall  be  furnished  and  installed  by  the 

Both  rails  shall  be  insulated  at  fouling  points,  ends  of  track  cir- 
cuits and  in  switch  leads. 

All    rail   joints   to  be   insulated   are.... lbs section,    as 

shown  on  attached  drawings,  and  as  located  on  plan  of  tracks. 

All  switches  to  be  insulated  are  equipped  with bridle  rods 

in.  by in.  cross-section,  as  shown  on  attached  draw- 
ings,  except   as   noted   on   plan  of   tracks. 

103.  Track  Battery. 

Each  track  circuit  shall  be  operated  by  at  least  two  (2)  cells  of 
gravity  battery  connected  in  multiple. 

Jars  shall  be  of  glass,  six  (6)  in.  in  diameter  by  eight  (8)  in.  in 
height  by  one-eighth   (]/$)  if-  thick. 

Zincs  shall  be  four  (4)  lbs.,  circular,  amalgamated,  with  two  (2) 
per  cent,  mercury  supplied  with  brass  terminal  and  suspended  from 
three  points ;   unless  other  types   are  specified. 

Coppers  shall  be  flat  leaf  with  connecting  wire  riveted,  and  shall 
be  so  shaped  that  they  will  be  held  in  place  by  the  copper  sulphate. 

Three  (3)  lbs.  of  good  copper  sulphate,  free  from  dust,  shall  be 
furnished  with  each  cell. 

Note. — Complete  specifications  for  battery  materials  should  be  fur- 
nished by  Purchaser,  if  practicable. 

104.  Battery  Housing. 

Unless     otherwise     specified,     track     batteries     shall     be     housed     in 
f  cast  iron  ^ 
three    (3)    cell    <  concrete    (  ^^'^"^^^ "•    c^eep,    as    per    drawmg 

attached,  weighing  for  cast  iron  not  less  than  three  hundred  (300)  lbs. 
each.  Each  chute  shall  be  provided  with  a  three  (3)  cell  elevator,  rope, 
and  if  specified,  a  frost  board. 

105.  Relays, 

Relays  shall  conform  to  specifications  of  the  Railway  Signal  Asso- 
ciation dated  October,  1906,  a  copy  of  which  is  attached. 
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106.  Relay   Housing, 

When  possible,  relays  shall  be  housed  in  the  signal  mechanism  case; 

[  iron    1 
otherwise  they  shall  be  housed  in  weatherproof      ^     .     ^  f  l^oxes   located 

.  .  ,    .  ,  f  iron     1 

as  specified,  m  the  tower,  on  signal  bridges  or  on    <      .      ,    >  posts. 

107.  Switch    Protection   for   Non-Interlocked   Switches. 

Circuit  controllers  for  non-interlocked  switches  shall  have  two 
independent  shunt  connections  to  the  track  circuit  of  each  track  made 
dangerous  by  the  opening  of  switch.  Switch  circuit  controllers  shall 
be  located  on  the  same  side  of  switch  as  the  normally  closed  point 
and  connected  thereto,  and  shall  be  arranged  to  shunt  track  circuits 
when  point  is  open  one-quarter   (l':l)   in.  or  more. 

108.  Connections. 

Track  batteries  and  relays  shall  be  connected  to  the  rails  by  single 

r  No.  8     1 
conductor    <    >t  }     B.  &  S.  gage,  rubber  covered,  soft  drawn  copper 

wire-      Fouling    shunt    connections    and    switch    box    shunt    connections 

f    No.  8    ) 
shall    be    made    with    two    single    conductor    <     -kt  >     B.    &    S.    gage, 

rubber  covered,  soft  drawn  copper  wire. 

Rubber  covered  stranded  wire  of B.  &  S.  gage  shall  be 

used  from  trunking  to  track  batteries  when  track  batteries  are  in  chutes. 

Note. — A  minimum  gage  of  No.  I2  B.  &  S.  is  recommended  for 
such  wire. 

PAINTING. 

110.  General. 

All  materials  shall  be  pure  and  the  quality  of  paint  shall  be  such 
as   will  permit  of  the  application  herein   specified. 

111.  Cleaning. 

Surfaces  covered  with  rust,  grease,  dirt  or  other  foreign  substances, 
shall  be  thoroughly  cleaned  by  scraping  or  other  suitable  method  before 
paint  or  oil  is  applied. 

112.  Mixing. 

113.  Application. 

General. — Paint    shall    not    be    applied    to    outside    surfaces    in    wet 

weather,  nor  shall  any  surface  be  painted  until   it   is  cleaned  and  dried, 

nor  until   previous   coating  has   thoroughly  dried- 
Pigment     finishing    coats     shall    be    of    sufficient   body    to    form    an 

opaque  coating. 

Finishing   coats   shall    not    be    applied    sooner    than    forty-eight    (48) 

hours  after  the  previous  coating  has  been  applied. 
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113.  Application — Continued. 

Paints  mixed  on  the  ground  shall  be  applied  within  three  (3)  hours 
after  the  pigment   and   oil   are   mixed. 

All  priming  coats  shall  be  applied  as  soon  as  is  consistent  with  the 
progress  of  the  work. 

All  second  coatings  shall  be  applied  in  sufficient  time  for  the  third 
coat  to  be  applied  and  dry  when  the  plant  is  completed. 

Iron  Work. — All  iron  work,  except  detector  bars  and  finished  parts 
of  machine,  shall  be  given  one  priming  of  red  lead  and  raw  linseed  oil 
and  two    (2)   finishing  coats. 

The  following  specific  finishing  coats  shall  be  used : 

Kind  of  Paint.        Color 

Signal  bridges  and  brackets 

Signal  masts    

Switch  mechanisms  and   connections 

Wood  Work. — Exposed  wood  work  shall  be  given  one  priming  coat 
and  finishing  coats  as  follows : 

Kind  Number 

Paint.  Color.  Coats. 

Home   signal   blades "    

Dwarf  signal  blades 

Distant  signal   blades 

Trunking,   junction  boxes,   etc 

114.  Buildings. 

All  towers  or  other  buildings  in  connection  with  the  interlocking 
plant,  if  built  of  wood,  shall  receive  one  priming  coat  and  two  finish- 
ing   coats    as    specified    below. 

The  priming  coat   shall  consist  of ,   and,    when   thoroughly 

dry,  two  coats  of  pure  lead  and  oil,  in  the  following  tints,  shall  be 
applied : 


Prepared   paints    manufactured    by. 


will  be  accepted. 
120.    Special. 

SUPPLEMENTARY    SPECIFICATIONS    FOR    DRAWBRIDGES. 

130.    Locking. 

At  least  one  lever  of  the  interlocking  machine,  called  the  bridge 
lock  lever,  shall  be  assigned  for  the  purpose  of  locking  the  bridge. 
The  bridge  lock  lever,  when  reversed,  shall  be  arranged  to  lock  the 
bridge  in  the  closed  position  and  to  prevent  the  application  of  power 
for  the  purpose  of  withdrawing  the  bridge  latch  or  opening  the  bridge. 

The  bridge  lock  lever,  when  normal,  shall  be  arranged  to   lock  all 
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130.      Locking — Continued. 

levers   used   for  bridge  protection   in   the  proper   position  to  protect  the 

bridge,  and  also  to  cut  off  power  from  all  control  wires  leading  to  such 

functions. 

A  separate  locking  arrangement  shall  be  provided  for  each  of  the 
following  purposes : 

(a)  To  insure  that  the  bridge  is  in  proper  alincment. 

(b)  •  To  insure  that  all  bridge  surfacing  devices  are  in  their  proper 
position. 

(c)  To  lock  all  rails  in  proper  position  for  train  movement. 

The  Purchaser  will  supply  complete  information,  including  detail 
drawings,  of  bridge  locking  apparatus  to  be  controlled  by  the  inter- 
locking machine. 

Note. — It  is  recommended  as  a  more  desirable  method  of  operation 
that  the  rails  at  the  end  of  the  draw  and  on  the  shore  next  to  the  draw 
be  fixed  in  position  and  have  the  necessary  locks,  and  that  lifting  rails 
be  not  used. 

These  Specifications  for  Electric  Interlocking  were  adopted  by  the 
Railway  Signal  Association,  and  your  Committee  No.  X  recommends 
their  adoption  by  this  Association  and  the  printing  of  these  specifica- 
tions  in  the   Manual. 

SUBJECT  NO.   3,   RUBBER-COVERED  WIRE   SPECIFICATIONS. 

The  report  of  Special  Committee  on  rubber-covered  wire  and  cable 
of  the  Railway  Signal   Association   follows : 

The  Committee  has  not  consulted  with  rubber  manufacturers  who 
do  not  make  insulation  for  wire,  because  it  did  not  feel  that  anything 
was  to  be  gained  by  so  doing. 

The  Sub-Committee  appointed  to  consult  with  the  Institute  of  Elec- 
trical Engineers  reports  that  up  to  the  time  of  filing  of  this  report 
the  Institute  of  Electrical  Engineers  have  taken  no  final  official  action 
toward  the  adoption  of  specifications  for  rubber-covered  wires  and 
cables. 

The  following  data  from  the  report  of  the  Sub-Committee  on  the 
effect  of  impurities  in  copper  will  be  found  below : 

THE  EFFECT   OF   IMPURITIES    IN    COPPER    FOR    USE    AS    ELECTRICAL    CONDUCTORS. 

The  presence  of  any  foreign  element  in  copper  manifests  itself  by 
its  effect  on  the  conductivity,  malleability,  ductility,  and  tensile  strength 
of  the  wire. 

The  conductivity  is  invariably  reduced  whenever  the  slightest  trace 
of  anything  but  pure  copper  is  in  the  wire,  and  a  certain  test  for  the 
presence  of  any  impurity  is  an  increase  in  its  electrical  resistance 
over  that  of  pure  copper,  due  to  the  presence  of  the  foreign  body. 

These  impurities  may  consist  of  other  metals,  or,  which  is  more 
common,  a  form  of  copper  oxide  which  is  apparently  produced   and 
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dissolved  in  the  copper  under  certain  conditions  when  in  a  molten 
state,  as  it  i?  not  produced  by  heating  to  a  temperature  below  the 
melting  point   of  copper. 

Modern  processes  of  manufacture  can,  however,  eliminate  prac- 
tically all  impurities,  and  in  fact,  the  ordinary  commercial  grades  of 
copper  wire  made  of  electrolytic  wire  bars  are  so  nearly  pure  copper 
that  the  wire  generally  has  a  conductivity  nearly  equal  to  the  sup- 
posedly pure  copper  used  by  Dr.  iMatthiessen  in  his  determination  of 
the  standard  for  electrical  resistance  of  copper. 

In  view  of  the  above  facts  it  is  respectfully  suggested  that  the  re- 
quirements of  the  specifications  in  reference  to  electrical  conductivity 
be  unchanged. 

Attached  is  a  table  showing  the  effect  of  one-tenth  of  one  per  cent. 
of  various  impurities  in  copper  wire. 

This  table  was  deduced  from  a  table  showing  the  results  of  a  test 
by  J.  O.  Mouchel  of  Paris.  He  succeeded  in  producing  a  sample  of 
pure  copper  wire  which  had  a  conductivity  of  104.69  per  cent,  of  Dr. 
Matthiessen's  standard.  Assuming  this  sample  to  have  been  pure 
copper,  and  using  it  as  a  standard,  or  100  per  cent,  conductivity,  we 
have   the   following   results : 

EFFECT   OF   ONE-TENTH    PER    CENT.    ADMIXTURE   OF   VARIOUS    SUBSTANCES    WITH 

COPPER. 

Conductivity  Tensile  Strength 

Alloying  Compared  to  Elongation  in  Pounds  Per 

Material.                       Soft  Copper,  100.  Per  Cent.              Square  Inch. 

Lead    99.38  36.20  27,165 

Molybdenum     98.65  33.50  31,163 

Cobalt     98.18  38.15  29,342 

Silver    98.01  4.25  41.295 

Sulphur 98.00  37.55  30,608 

Gold     97.94  32.4s  29,342 

Selenium    97-86  30.42  38,758 

Thallium      97.83  36.10  30,253 

Zinc     97.76  35.32  38,506 

Antimony     95.59  30.00  32,801 

Tellurium     95.37  1.82  58,841 

Platinum     94.80  38.80  28,986 

Nickel 93.96  39.00  29,712 

Tungsten    92.43  36.35  30,609 

Tin     91.99  3.65  46,133 

Chromium      90.75  33.55  32,615 

Magnesium    90.06  3.75  51,996 

Aluminum      86.49  35-20  31,519 

Iron     79.68  32.65  31,377 

Arsenic     73.89  39.10  30,879 

Silicon     64.52  20.65  26,083 

Phosphorus     51.86  31.25  33,327 
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It  will  be  noted  that  the  conductivity  is  decreased  in  every  case, 
while  the  tensile  strength  is  increased,  the  tensile  strength  of  pure 
annealed  copper  being  about  30,000  lbs.  per  sq.   in. 

The  following  properties  of  copper  containing  impurities,  while  in- 
teresting, are  of  little  practical  value  on  account  of  commercial  cop- 
per being  generally  free  from  the  various  substances  named.  This  table 
has  been  compiled  by  Mr.  Joseph  W.  'Marsh  of  the  Standard  Under- 
ground   Cable    Company. 

Iron. — Does  not  affect  the  mechanical  properties ;  .03  of  i  per  cent, 
reduces  conductivity  by   about  4  per  cent. 

Lead. — Ys  of  i  per  cent,  makes  copper  red-short  (i.  e.  brittle  when 
red  hot)  and  cold-short,  and  ^  of  i  per  cent,  ruins  the  copper  entirely 
for  ordinary  purposes.  Its  effect  upon  the  conductivity  is  small,  .35 
of  I  per  cent,  reducing  it  by  about  i  per  cent. 

Tin. — Injures  ductility  when  i  per  cent,  is  present.  When  .05  of 
I  per  cent,  is  present,  it  reduces  the  conductivity  by  about  4  per  cent. 

Bismuth. — .02  of  i  per  cent,  makes  copper  red-short,  and  .05  of 
I  per  cent,  makes  it  cold-short.  Its  effect  upon  conductivity  is  small, 
.05  of  I  per  cent,  reducing  it  by  about  %  oi  1  per  cent. 

Arsenic. — Slightly  affects  ductility,  but  when  as  much  as  .8  of 
I  per  cent,  is  present,  the  metal  can  still  be  drawn  into  fine  wires.  It 
has  a  very  marked  effect  upon  conductivity  and  .01  of  i  per  cent,  re- 
duces the  conductivity  by  about  4  per  cent.;  and  .14  of  i  per  cent,  re- 
duces the  conductivity  by   about  35  per  cent. 

Antimony. — .5  of  i  per  cent,  acts  like  the  same  percentage  of 
arsenic  so  far  as  mechanical  properties  are  concerned;  in  larger  quan- 
tities it  is  more  injurious  than  arsenic.  When  .035  of  i  per  cent,  is 
present  it  reduces   the   conductivity   liy  about  4  per  cent. 

Silicon. — .3  per  cent,  must  be  present  before  toughness  and  mal- 
leability are  affected.  6  per  cent,  makes  the  copper  brittle.  .15  of 
I  per  cent,  reduces  the  conductivity  by  about  14  of  i  per  cent. 

Sulphur. — ^  of  i  per  cent,  lowers  the  malleability  and  ^  of  i  per 
cent,  makes  it  cold-short,  but  not  red-short.  .14  of  i  per  cent  reduces 
the  conductivity  by  about   i   per  cent. 

Phosphorus. — .4  of  i  per  cent,  makes  it  red-short.  The  effect  of 
this  impurity  upon  the  conductivity  is  enormous,  .01  of  i  per  cent, 
reduces  it  by  about  20  per  cent. 

PROPERTIES    OF    COPPER. 

Specific   gravity 8.98 

Weight   per   cu.    in .321  lbs. 

Weight  per  cu.  ft 555.0      lbs. 

Weight   per   mil.    ft .00000303  lbs. 

Resistance  per  cu.  in.  60°  F.  —  15.5''  C .0000006774  ohms. 

Resistance  per  cu.   cm.  0.°   C .000001594  ohms. 

Resistance  per  cu.  mil.   ft.   0.°    C 

Soft   drawn   0.°    C 9529 

Hard  drawn  0.°   C 9.741 
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Tensile  strength  per  sq.  in, : 

Soft    drawn +30,000.0  lbs. 

Hard  drawn 50,000.  to  60,000.  lbs. 

Coefficient  of  expansion  C.    (0.°  —  100°   C.)...  .0000167 

Coefficient  of  expansion  F.   (0.°  —  100"   C.)...  .0000093 

Melting  point    (mean)  1100°  C. 

Boiling  point 2100°  C. 

(diam.  in  mills)*  lbs. 

Weight  per   mile  = 

62.5 
54.692 

Resistance  per  mile  60°   F.  = 

(diam.  in  mills)'  ohms. 
Resistance  at   t°    C.  =  r  (i   +  .0O388t). 
When  r=  resistance  at  0.°    C,  /  =  observed  temperature. 

loor 

Percentage  of   Conductivity  = 

ri 
When  r  =  resistance   of  same  size  wire   of  same   length  and  tem- 
perature as  sample  whose  conductivity   is  desired;   taken   from  standard 
tables. 

Ti  =     resistance  of   sample  wire. 
In    hardness    copper    is    between    iron    and    platinum. 
In  ductility  copper  is  between  iron  and  aluminum. 
In  malleability  copper  is  between  silver   and  tin. 
In  conductivity  copper  is  between  silver  and  gold. 
The    superlative    degrees    being   first    in    each    case;    i.    e.    copper    is 
softer   than  iron  and  harder  than  platinum. 

(  sulphuric  acid. 
Copper  is  easily  dissolved  in  hot  concentrated  ■{  nitric  acid. 

i  aqua   regia. 
(  muriatic   acidj 
Copper  is  slowly  dissolved  by    |  j-j^^^    sulphuric    acid. 

Copper  is  readily  attacked  by  compounds  containing  sulphur  and 
must  be  protected  from  its  action  when  used  near  such  substance.  A 
coating  of  tin  is  the  most  common  protective  measure  used. 

The  Sub-Committee  appointed  to  prepare  specifications  for  copper 
clad  steel  wire  has  made  a  considerable  investigation  of  this  subject 
and  on  the  basis  of  their  report  the  Committee  voted  as  follows : 

It  was  found  that  the  only  copper-clad  steel  wire  now  on  the  mar- 
ket or  considered  by  the  Committee,  is  the  Monnet  wire,  made  by  the 
Duplex  Metals  Company. 

It  was  the  sense  of  the  Committee  that  in  view  of  the  short  time 
that  this  wire  has  been  in  use,  no  specifications  for  it  should  be  em- 
bodied in  the  report,  nor  any  figures  as  to  its  properties,  though  it  is 
the    Committee's    opinion    that    as    the    tensile    strength    of    this    wire    is 
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greater  than  that  of  hard  drawn  copper,  it  may  be  used  on  signal  cir- 
cuits where  conductivity  is  an  inconsiderable  factor,  and  it  is  be- 
lieved desirable  that  the  various  members  of  this  Association  experi- 
ment with  this  wire  to  determine  its  properties  in  actual  service.  The 
use  of  this  wire  is  also  suggested  for  bonding  on  track  circuits. 

Various  articles  on  the  subject  before  the  Committee  have  been 
studied  by  its  members,  visits  made  to  factories  and  various  confer- 
ences held  with  manufacturers  and  others  and  as  a  result  of  its  work 
for  the  year  the  Committee  desires  to  reaffirm,  with  the  exception  of 
a  few  min'or  details,  the  specifications  for  rubber-covered  wire  and 
cable  as  adopted  at  Washington,  with  the  exception  of  the  insulation 
resistance  table  proposed  by  it  at  the  Milwaukee   meeting. 

In  order  that  all  the  data  on  this  subject  may  be  gathered  together 
under  one  head,  we  print  below  the  specifications  proposed  by  the 
Committee. 

Attention  is  called  to  the  following  changes  from  previous   reports: 

Paragraph  s,  Physical  Tests  of  Copper  Conductors— A  change  in  the 
torsion  requirements   to  suit  the  various   sizes  of  conductors. 

Paragraph  8,  Tests  of  Braiding — Correction  made  to  include  the 
weight  of  tape  in  making  the  absorption  test. 

Paragraph  9,  Physical  Tests  of  Rubber  Insulation — A  1I-  in.  set 
instead  of  a  ?^  in.  set  is  permitted  on  account  of  many  excellent  com- 
pounds not  being  able  to  quite  meet  the  requirements  of  a  ^  in.  set. 

Paragraph  10.  Chemical  Tests  of  Rubber  Insulation — An  ash  test 
has  been  added,  with  a  minimum  of  62  per  cent,  and  a  maximum  of  68 
per  cent.,  the  Committee  believing  that  this  will  aid  materially  in  deter- 
mining whether  or  not  the  proper  amount  of  rubber  has  been  put  into 
the  compound. 

Paragraph  11,  Electrical  Tests  of  Rubber  Insulation— It  has  been 
found  that  100  volts  is  sufficient  potential  for  the  testing  battery  for 
insulation  resistance  and  that  most  manufacturing  plants  are  nut 
equipped  with  batteries  capable  of  sliowing  150  volts  as  per  the  former 
specifications. 

SPECIFICATIONS    FOR    RUBBER-INSULATED    WIRE. 
600    VOLTS    OR    LESS, 

1.  Conductors. 

Conductors  must  be  of  soft-drawn,  annealed  copper  wire  having  a 
conductivity  of  not  less  than  ninety-eight  (98)  per  cent,  of  that  of 
pure  copper,  Matthiessen's  standard.  Each  wire  forming  a  conductor 
must  be  continuous  withciut  splice  throughout  its  length,  must  be  uniform 
in  cross-section,  free  from  flaws,  scales  and  other  imperfections  and 
provided   with    a   heavy   uniform   coating   of   tin. 

2.  Rubber  Insulation. 

The  vulcanized  rubber  compound  shall  contain  not  less  than  thirty 
(30)    per    cent,    nor    more    than    thirty-three    (33)    per    cent,    by    weight 
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of  fine  dry  Para  rubber  which  has  not  previously  been  used  in  rub- 
ber compound.  The  gum  itself  shall  not  contain  more  than  three  and 
one-half  (3V2)  per  cent,  of  resinous  extract.  The  remaining  seventy 
"(70)  per  cent,  of  the  compound  shall  consist  of  mineral  matter  only. 
The  insulation  must  be  tough,  elastic,  adhering  strongly  to  the  wire, 
nuist  be  homogeneous  in  character  and  placed  concentrically  about  the 
conductor. 

3.  Taping  and  Braiding. 

(a)  The  rubber  insulation  must  be  protected  with  a  layer  of  cotton 
tape  thoroughly  filled  with  a  rubber  insulating  compound,  lapped  one-half 
its  width  and  so  worked  on  as  to  insure  a  smooth  surface. 

(b)  The  outer  braid  must  consist  of  one  layer  of  closely  woven 
cotton  braiding  at  least  one-thirty-second  (^2)  of  an  inch  thick, 
saturated  with  a  black,  insulating,  weatherproof  compound  w-hich  shall 
be  neither  injuriously  affected  by  nor  have  injurious  effect  upon  the 
braid    at    a    temperature    of    200°    Fahrenheit. 

4.  Tests, 

The  manufacturer  must  provide  at  his  factory  all  apparatus  and 
other  facilities  needed  for  making  the  required  physical  and  electrical 
tests  and  must  provide  the  Purchaser's  representative  with  all  facilities 
for  assuring  himself  that  the  thirty  (30)  per  cent,  of  rubber  as  above 
specified  is  actually  put  into  the  compound.  The  Inspector  shall  not  be 
privileged  to  ascertain  what  mineral  ingredients  are  used  in  making  up 
the  remaining  seventy  (70)  per  cent,  of  the  compound.  The  manufac- 
turer shall  give  free  access  to  the  place  of  manufacture  and  oppor- 
tunity to  test  at  all  necessary  times.  Tests  may  also  be  made  upon  the 
finished  product  after  delivery,  and  the  wire  will  be  rejected  if  it  fails 
to  meet  the  requirements  of  the  specifications.  The  manufacturer  must 
pay  freight  charges  for  return  of  all  wire  that  may  be  rejected  by  the 
Purchaser. 

5.  Physical   Test  of  Copper  Conductors. 

Each  solid  conductor  must  stand  an  elongation  of  twenty-five  (25) 
per  cent,  of  its  length  in  ten  (10)  in.  before  breaking.  It  must  be 
capable  of  being  wrapped  six  (6)  times  about  its  diameter  and  un- 
wound without  showing  signs  of  breakage  after  this  process  has  been 
gone  through  twice.  The  tension  and  torsion  tests  will  be  made  on 
separate  pieces   of  wire. 

TORSION      TEST. 

No.  2  to  No.  6—20  twists  in  six  in. 
No.  8  to  No.  10 — 45  twists  in  six  in. 
No.    12   and    smaller— 80   twists   in    six   in. 

6.  Conductivity  Test  of  Copper. 

The  conductivity  of  the  copper  shall  be  determined  by  measuring 
the  resistance  of  a  length  of  the  wire  and  comparing  with  iMatthiessen's 
standard  of  copper  resistance. 
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7.  Tests  of  Tinning. 

Samples  of  the  wire  shall  be  thoroughly  cleaned  with  alcohol  and 
immersed  in  hydrochloric  acid  of  specific  gravity  1.088  for  one  minute. 
They  shall  then  be  rinsed  in  clear  water  and  immersed  in  a  sodium 
sulphide  of  specific  gravity  1.142  for  thirty-two  (32)  seconds  and  again 
washed.  This  operation  must  be  gone  through  with  four  times  before 
the  wire  becomes  clearly  blackened. 

8.  Tests  of  Braiding. 

Six  in.  sample  of  wire  with  carefully  paraffined  ends  shall  be  sub- 
merged in  fresh  water  of  a  temperature  of  70°  Fahrenheit  for  a  period 
of  twenty-four  hours.  The  difference  in  weight  of  the  sample  before 
and  after  submersion  must  not  be  more  than  ten  (10)  per  cent,  of  the 
weight  of  the  sample  before  submersion  less  the  weight  of  the  copper, 
vulcanized   rubl^er   and    tape. 

9.  Physical  Tests  of  Rubber   Insulation. 

A  sample  of  the  vulcanized  rubber  insulation  not  less  than  four  in. 
in  length  shall  have  marks  placed  upon  it  two  in.  apart.  The  sample 
shall  be  stretched  until  the  marks  are  six  in.  apart  and  then  at  once 
released.  One  minute  after  such  release  the  marks  shall  not  be  over 
two  and  seven-sixteenth  (2^)  in.  apart.  The  sample  shall  then  be 
stretched  until  the  marks  are  nine  (9)  in.  apart  before  breaking  and 
must  have  a  tensile  strength  of  not  less  than  eight  hundred  (800)  lbs. 
per  sq.  in. 

10.  Chemical  Tests  of  Rubber  Insulation. 

The  vulcanized  rubber  compound  shall  contain  not  more  than  six 
(6)  per  cent,  by  weight  of  acetone  extract  and  not  more  than  seven- 
tenths  (  7  )  of  one  per  cent,  of  free  sulphur ;  a  minimum  of  sixty-two 
(62)    per  cent,    and   a   maximum    of   sixty-eight    (68)    per    cent,   of   ash. 

11.  Electrical   Tests   of    Rubber    Insulation. 

The  circular  mills  cross-section,  the  thickness  of  the  rubber  msula- 
tion  (njeasured  at  the  thinnest  point),  the  minimum  insulation  resistance 
in  megohms  per  mile  and  the  dielectric  strength  for  the  various  sizes 
of  wire  shall  conform  to  the  following  table :  Xest  Voltage 

Size  Area   in  Thickness  of  Alternating 

B.  &  S.  Gage.  Circular  Mills.         Insulation.  Current. 

0    105,592  ^  in.  wall  10,000 

1     83,694  l4    "     "  10,000 

2    ■• 66,373  %    "     "  10,000 

4     41742  -Ri    "     "  9,000 

6    26,250  s\    "      "  9,000 

8     16,509  A    "      "  9,000 

9    13.090  ^\    "     "  7,000 

10    10,380  ii    "     "  7,000 

12     6,530  {'(    "     "  7,000 

14     •. 4,107  /t    "      "  7,000 

16     2,583  f'e    "      "  4,000 

18     \ 1,624  1*6    "      "  4,000 
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INSULATION     RESISTANCE,     MEGOHMS     PER     MILE,    6o°     F.     ONE     MINUTE    ELEC- 
TRIFICATION. 

3  2  5  3  7  4  5  6  7_  8 

64  S-i  el  :!2  6?  iS  3  2  3J  32  S? 

1  solid 700  900  1000  HOC  1300  1400  1600  1700 

2  solid   700  800  1000  HOC  1200  1400  1600  1700  1900 

3  solid 800  900  1000  1200  1300  1500  1700  1900  2000 

4  solid    800  1000  HOG  1300  1400  1600  1800  2000  2100 

5  solid    900  HOC  1200  1400  1500  1700  1900  2100  2300 

6  solid    1000  1200  1300  1500  1600  1900  2100  2300  2400 

8  solid  ...  1000  1200  1400  1600  1700  1900  2100  2400  2600  2800 

9  solid  . . .  1000  1300  1500  1700  1900  2000  2300  2500  2700  2900 
10  solid  ...  HOG  1400  1600  1800  2000  2200  2400  2700  2900  3100 
12  solid  ...  1300  1600  1900  2100  2300  2400  2700  3000  3200  3400 
14  solid  .  . .  1600  1900  2100  2400  2600  2700  3100  3300  3600  3800 

The  test  for  insulation  resistance  must  be  made  upon  all  wire  after 
at  least  twelve  (12)  hours'  submersion  in  water  and  while  still  im- 
mersed results  being  corrected  to  a  water  temperature  of  sixty  (60) 
degrees  Fahrenheit.  Tests  must  be  made  before  the  application  of 
tape,  braid  or  other  covering  with  a  well  insulated  battery  and  gal- 
vanometer, with  not  less  than  one  hundred  (100)  volts  and  readings 
must  be  taken  after  one  minute's  electrification.  The  test  voltage 
must  be  applied  to  the  completed  length  of  wire  before  the  insula- 
tion test  for  a  period  of  five  (5)  minutes,  using  alternating  current 
from  a  generator  and  transformer  of  ample  capacity. 

SIGNAL     CABLES     FOR     CIRCUITS     CARRYING     6oO     VOLTS     OR     LESS. 

The  Committee  has  gone  into  the  question  of  signal  cables  and  finds 
that  the  conditions  under  which  signal  cables  are  used  and  the  var- 
ious types  of  installation  where  they  are  required  are  so  varied  that 
any  attempt  to  go  into  too  great  detail  would  be  undesirable.  The 
Committee  has,  however,  compiled  and  has  the  honor  to  present  here- 
with the  following  specifications  for  signal  cables  for  circuits  carry- 
ing six  hundred  volts  or  less : 

Conductors  to  be  used  in  signal  cables  shall  conform  in  all  respects 
to  the  requirements  of  the  following  paragraphs  of  the  specifications 
for  rubber-insulated  signal  wire : 

Paragraph  i.  Conductors. 

Paragraph  2.  Rubber    Insulation. 

Paragraph  4.  Tests. 

Paragraph  5.  Physical   Tests  of   Copper   Conductors. 

Paragraph  6.  Conductivity  Tests  of  Copper, 

Paragraph  7.  Test  of  Tinning. 

Paragraph  9.  Physical  Tests  of  Rubber  Insulation. 

Paragraph  10.    Chemical   Tests   of   Rubber   Insulation. 
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11.      Electrical    Tests   of    Rubber    Insulation — Continued. 

The  dielectric  strength  of  the  insulation  for  the  various  sizes  of 
conductors  shall  conform  to  the  requirements  of  paragraph  ii  of  the 
specifications   for   rubber-insulated   signal  wire. 

The  insulation  resistance  for  the  various  sizes  and  wall  thicknesses 
shall  conform  to  table  A,  which  is  the  proposed  table  of  insulation  re- 
sistance amending  the  present  specifications  for  rubber-insulated  signal 
wire. 

For  braided  cables  the  absorption  tests  of  braiding  will  be  in  ac- 
cordance with  the  requirements  of  paragraph  8  of  the  specifications 
for    rubber-insulated    signal    wire. 

The  circular  mills  cross-section,  thickness  of  the  rubber  insulation, 
measured  at  the  thinnest  point,  of  the  various  conductors  to  be  em- 
ployed in  signal  cables  shall  be  in  accordance  with  the  following  tables : 


TABLE  NO. 

1. 

TABLE  NO.  2. 

WiBE  FOR  Aerial  Cables. 

Wire  for  Underground  Cables. 

Size 

Area 

Thickness  of 

Size 

Area 

Thickness  of 

B.&S. 

CSr.  Mills. 

Insulation. 

B.&S. 

Cir.  Mills. 

Insulation. 

Gage. 

Gage. 

6 

26,250 

,A"  wall 

6 

26,250 

.V'waU 

8 

16,509 

,/'/'  wall 

8 

16,509 

vi"  wall 

9 

13,090 

,^4"  wall 

9 

13,090 

,h"  wall 

10 

10,380 

,V/'  wall 

10 

10,380 

&."  waU 

12 

6,530 

T^e"  wall 

12 

6,530 

'ch"  wall 

14 

4,107 

i',,"  waU 

14 

4,107 

A"  wall 

16 

2,583 

8^4"  wall 

16 

2,583 

I'e"  wall 

18 

1.624 

A"  waU 

18 

1,624 

,'«"  wall 

SPECIFICATIONS    FOR    AERIAL    CABLES    BRAIDED. 

Conductors  furnished  in  cables  must  conform  to  Table  No.  i  with- 
out tape  or  braided  covering,  except  tracing  wire,  which  may  be  taped 
or  braided.  The  core  of  the  cable  must  be  made  up  cylindrical  in 
form,  with  one  wire  in  each  layer  taped  or  braided  for  tracer.  Each 
layer  of  core  must  have  a  spiral  lay,  each  consecutive  layer  being 
spiraled  in  reverse  direction  from  the  preceding  one.  All  interstices 
between  conductors  in  each  layer  to  be  filled  with  jute,  each  layer  of 
cable  to  be  wrapped  with  one  layer  of  overlapping  tape.  Tape  must 
be  of  closely  woven  cotton,  saturated  with  a  permanent  moisture-re- 
pelling compound  which  shall  not  act  injuriously  on  the  insulating 
compound,  cotton,  tape  or  braid.  Over  the  taped  core  shall  be 
wrapped  a  bedding  of  jute  not  less  than  ^  in.  thick,  saturated  with 
tar;  one  layer  of  overlapping  tape  laid  on  in  reverse  order  to  winding 
of  jute,  and  a  closely  woven  braid  saturated  with  a  permanent  weather- 
proofing  compound  which  is  not  soluble  in  water. 

Cables  of  more  than  three  and  less  than  seven  conductors  must  be 
made  up  with  a  jute  or  sisal  center. 

UNDERGROUND    CABLES    BRAIDED. 

.   Conductors  furnished  in  cables  must  conform  to  Table   No.  2,  each 
conductor  to  be   taped   or   braided,   tracing   wire   to   be   marked   in    such 
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a  manner  as  to  be  readily  identified.  The  core  of  cable  must  be  made 
up  cylindrical  in  form,  with  one  wire  in  each  layer  marked  for  tracer; 
each  layer  of  core  must  have  a  spiral  lay,  each  consecutive  layer  be- 
ing spiraled  in  reverse  direction  from  tlie  preceding  one.  Cables  of 
more  than  three  and  less  than  seven  conductors  must  be  laid  up  with 
a  jute  or  sisal  center,  each  layer  of  cable  to  be  wrapped  with  one  layer 
of  overlapping  tape.  Tape  must  be  of  closely  woven  cotton,  saturated 
with  a  permanent  moisture-repelling  compound  and  which  shall  not  act 
injuriously  on  the  insulating  compound,   cotton,  tape  or  braid. 

The  taped  core  shall  be  covered  with  a  closely  woven  braid  satu- 
rated with  a  permanent  weatherproofing  compound  which  is  not  soluble 
in  water. 

LEAD   ENCASED   CABLES    FOR   AERIAL   USE. 

Cables  to  be  constructed  under  specifications  for  aerial  cables,  ex- 
cept that  the  outside  wraps  of  jute  and  braid  are  omitied  and  the 
cable  protected  by  a  lead  sheath  of  not  less  than  the  thickness  indi- 
cated below: 

Diameter  of  Taped  Cable.  Thickness  of  Lead 

i  J"  or  smaller j'r" 

Larger  tlian  32"  and  not  exceeding  1,%" g\" 

Larger  than  1  t"'."  and  not  exceeding  2" a^" 

Larger  than  2" ^" 

LEAD     ENCASED      CABLES      FOR      UNDERGROUND      USE. 

Cables  shall  be  constructed  under  specifications  for  imderground 
cables,  excepting  that  the  ouside  braid  is  omitted  and  the  cable  pro- 
tected by  lead  sheath  of  not  less  than  the  thickness  indicated  below : 

Diameter  of  Taped  Cable.  Thickness  of  Lead 

5  J"  or  smaller „\" 

Larger  than  ii"  and  not  exceeding  Ij'^b" 3^," 

Larger  than  1  /r."  and  not  exceeding  2" //' 

Larger  than  2" ^" 

TAPING     OF     SIGNAL     CABLES. 

Width  of  tape  not  to  exceed  twice  the  square  root  of  the  diameter 
of  the  core  to  be  taped,  tape  to  lap  twenty   (20)  per  cent  of  its  width. 

PACKING   AND   SHIPPING. 

Completed  cables  must  be  shipped  on  strong  reels  thoroughly  pro- 
tected by  lagging.  Both  ends  of  cable  on  each  reel  must  be  accessible 
for  testing,  but  protected  from  injury  in  transportation.  Cables  must 
be  plainly  tagged  inside  the  lagging  and  each  reel  on  the  outside  as 
specified  by  Purchaser. 

FLEXIBLE     WIRES. 

The  Committee  has  conferred  with  the  manufacturers  in  regard  to 
the  number  and  size  of  conductors  used  for  flexible  wires  and  recom- 
mends   the    following   table    of    sizes    and    strands,    it    being    understood 
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11.     Electrical    Tests    of    Rubber    Insulation — Continued, 
that    the    insulating    compound    and    other    properties    of     the    flexible 
wires,  so  far  as  consistent,   sliall  conform   to   the   specifications    for  rub- 
ber-covered solid  conductors. 

STRANDING  TABLE. 


7  Strands. 

19  Strands. 

37  Strands. 

49  Strands. 

Size  of 

Strand. 

B.&S.G. 

Actioal 
CM. 

Size  of 
Strand. 
B.&S.G. 

Actual 
CM. 

Size  of 
Strand. 
B.&S.G. 

Actual 
CM. 

Size  of 

Strand. 

B.  &  S.  G. 

Actual 
CM. 

11 

57,638 

11 

156,446 

11 

304,658 

11 

403,466 

12 

45.710 

12 

124,070 

12 

241,610 

12 

319,970 

13 

'   36,246 

13 

98,382 

13 

191,586 

13 

253,722 

14 

28,749 

14 

78,033 

14 

151,959 

14 

201,243 

15 

22,799 

15 

61,833 

15 

120,509 

15 

159,593 

16 

18,081 

16 

49,077 

16 

95,571 

16 

126,567 

17 

14,336 

17 

38,912 

17 

75,776 

17 

100,352 

18 

11,368 

18 

30.856 

18 

60,088 

18 

79,696 

19 

9,016 

19 

24,472 

19 

47,656 

19 

63,112 

20 

7.154 

20 

19,418 

20 

37,814 

20 

50,078 

21 

5.671 

21 

15,392 

21 

29,974 

21 

39,695 

22 

4,498 

22 

12,209 

22 

23,776 

22 

31,487 

23 

3,566 

23 

9,680 

23 

18,851 

23 

24,965 

24 

2,828 

24 

7,676 

24 

14,948 

24 

19,796 

25 

2,243 

25 

6,088 

25 

11,855 

25 

15,700 

26 

1.779 

26 

4,828 

26 

9,402 

26 

12.461 

27 

1,411 

27 

3,829 

27 

7,456 

27 

9.874 

28 

1,119 

28 

3,036 

28 

5,913 

28 

7,830 

29 

887 

29 

2,407 

29 

4,688 

29 

6,208 

30 

704 

30 

1,910 

30 

3.719 

30 

4,925 

31 

558 

31 

1,514 

31 

2,949 

31 

3,905 

32 

442 

32 

1,201 

32 

2.338 

32 

3,097 

33 

351 

33 

952 

33 

1.865 

33 

2,456 

At  the  conference  between  this  Committee  and  that  of  the  Rubber- 
Covered  Wire  Engineers'  Association  on  June  19,  a  memorandum 
was  presented  b.v  the  latter  Committee,  which  is  given  below  in  full. 
From  this  memorandum  it  will  be  noted  that  the  manufacturers  pro- 
pose a  different  stranding  table,  which  has  been  adopted  by  the  Com- 
mittee and  embodied  in  the  specifications,  as  has  the  recommendation 
in  regard  to  taping. 

MEMORANDUM    OF    JUNE    IQ. 

"At  a  meeting  of  the  Rubber-Covered  Wire  Engineers'  Association 
specifications  for  railway  signal  wire  were  carefully  considered  and 
all  the  points  mentioned  in  letter  of  Chairman  Ames  of  the  Railway 
Signal   Association   Committee  to   President  Morse,  dated  May    16,   were 
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fully  discussed,  and  it  was  unanimously  agreed  to  report  to  the  Signal 
Engineers'  Committee  our  views  on  the  points  raised  practically  as 
follows : 

(i)  Voltage  tests  should  not  be  so  high  or  so  prolonged  as  to 
impair  the  voltage-resisting  qualities  of  the  insulating  compound. 

It  is  possible  for  an  excessive  voltage  to  overstrain  the  rubber  in- 
sulation, so  altering  its  physical  structure  as  to  weaken  it  electrically 
without  actually  breaking  it  down,  but  the  tests  specified  in  our  1907 
specification   are   well   within   the   limit   of  safety. 

Under  certain  conditions  a  prolonged  high  voltage  may  be  indi- 
rectly detrimental  to  the  rubber  compound  either  by  excessive  heat- 
ing from  various  causes,  or  by  oxidation  from  the  ozone  produced  by 
the  static  discharges,  but  such  causes  have  no  practical  significance 
for  the  reasonable  voltages  and  duration  of  tests  now  proposed. 

(2)  The  mean  or  maximum  value  of  the  test  voltage  should  of 
course  approximate  as  nearly  as  possible  to  the  theoretical  value  for 
a  sine  wave.  That  is,  the  maximum  value  should  be  about  1.4  times 
that  of  the  mean  effective  value ;  otherwise  the  readings  on  the  com- 
mercial instrument  would  not  be  a  fair  indication  of  the  strain  to 
which   the   insulation   had    actually  been   subjected. 

With  a  suitable  testing  equipment  there  should  be  no  danger  of  ex- 
cessive voltage  on  this  account,  especially  when  it  is  remembered  that 
the  proposed  voltage  requirements  are  based  on  actual  experience  with 
apparatus  in  commercial  everyday  use. 

It  may  well  be  assumed  that  a  manufacturer  would  for  his  own 
protection  provide  a  testing  outfit  of  proper  design  and  of  sufficiently 
ample  rating  as  to  prevent  any  undue  distortion.  Although  a  spark 
gap  may  be  employed  to  indicate  the  maximum  voltage,  its  use  in 
practice  is  limited,  as  it  has  to  be  set  for  some  definite  voltage  or  else 
the  two  poles  made  to  approach  each  other  gradually,  in  which  latter 
case  it  is  not  always  possible  to  measure  the  voltage  at  the  instant 
desired.  The  spark  gap  method  is  also  subject  to  inaccuracies,  as  the 
sparking  distance  for  a  given  voltage  would  depend  upon  the  size  and 
shape  of  the  points  employed,  as  well  as  on  the  atmospheric  and 
other  conditions.  The  spark  gap  may  even  be  a  source  of  danger  due 
to   the  possible   rises   in   voltage   when   it   sparks   over. 

(3)  We  believe  that  the  voltage  test  requirements  as  specified  by 
Rubber-Covered  Wire  Engineers'  specifications  of  1907  are  about 
right,  and  that  if  they  are  applied  to  signal  wire,  railroads  will  receive 
less  defective  wire  than  they  would  if  lower  voltages  were  applied. 

We  believe  that  the  insulation  resistance  requirements  as  advocated 
by  the  Signal  Engineers'  Convention  at  Milwaukee  meeting,  1907,  are 
fully  as  high  as  they  should  be. 

(4)  If  an  ash  test  is  adopted  the  requirements  should  be  a  mini- 
mum of  60  per  cent,  and  a  maximum  of  70  per  cent. 

We  believe  that  the  Association  should  adopt  a  different  table  for 
stranding,   and   we    suggest   regular .  lays   of   strand,    i.   e.,    7,    19   and   37 
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for  concentric  stranding,  and  49  for  rope  laid  strand.  We  recommend 
that  the  limit  of  free  sulphur  be  increased  to  i  per  cent.,  and  that 
there  be  no  restrictions  regarding  70  per  cent,  compound. 

We  believe  that  the  specifications  for  width  of  tape  on  conductors 
and  over  multiple  cables  should  be  changed  so  that  the  requirements 
would  be  for  tape  not  to  exceed  in  width  twice  the  square  root  of 
the  diameter  of  the  core  to  be  taped,  tape  to  lap  20  per  cent,  of  its 
width. 

A  compound  known  as  Keritc  is  so  entirely  different  in  its  nature 
from  all  other  compounds  used  for  insulating,  we  have  found  it  im- 
possible to  suggest  a  specification  unless  all  reference  to  acetone  ex- 
tract, mineral  matter,  and  ash  test  be  left  out,  that  will  include  it, 
and  at  the  same  time  be  a  satisfactory  specification  for  other  com- 
pounds, and  inasmuch  as  wires  insulated  with  Keritc  have  been  in 
use  for  fifty  years,  and  have  proved  their  merit,  we  suggest  that  a 
special  specification  be  made  for  Ihem,  in  which  the  mechanical  and 
electrical  requirements  be  the  same  as  called  for  by  general  specifica- 
tions." 

As  a  result  of  the  Committee's  instructions  to  give  a  hearing  to  Mr. 
Brixey  and  his  taking  up  the  question  of  Kerite  compound  with  the 
Rubber-Covered  Wire  Engineers'  Association,  the  latter  included  in 
their  memorandum  of  June  19  the  paragraph  next  above  written,  in 
which  the  Committee  concurs,  with  the  exception  that  it  docs  not  desire 
to  present  a  separate  specification  for  his  compound. 

The  Committee  has  had  so  much  new  work  assigned  to  it  in  addi- 
tion to  work  left  over  from  previous  years,  that  it  has  been  unable 
to  prepare  specifications  for  submarine  cables.  It  desires  to  urge  the 
adoption  in  full  at  the  annual  meeting  of  the  specifications  for  single 
conductors  and  cables  which  it  has  the  honor  herewith  to  present, 
and  ffcels  that  it  should  be  continued  and  instructed  to  prepare  speci- 
fications for  submarine  cables  and  undertake  the  investigation  of  the 
question  of  joint  inspection  of  wires  and  cables  manufactured  under 
the  proposed  specifications,  for  the  reason  that  it  believes  that  no 
matter  how  good  the  specifications  are  that  may  be  adopted,,  they 
will  be  valueless  in  securing  to  the  roads  the  product  desired  unless 
they  are  enforced  by  proper  inspection  and  tests,  which  can  undoubt- 
edly be  more  economically  carried  on  by  a  joint  inspection  bureau 
than  by  individual  roads. 

These  specifications  for  rublier-covered  wire  were  adopted  by  the 
Railway  Signal  Association,  and  your  Committee  No.  X  recommends 
their  adoption  by  this  Association,  and  the  printing  of  these  specifica- 
tions in  the  Manual. 
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SUBJECT    NO.    4.     STANDARD    INTERLOCKING    AGREEMENT 
FOR   SIGNAL  WORK. 
Already  covered. 

SUBJECT    NO.    5.     COMPREHENSIVE    SYSTEM    OF    UNIFORM 
SIGNALING  SUITABLE  FOR  GENERAL  ADOPTION. 

Report  of  Standing  Committee  No.  I  of  the  Railway  Signal  Associa- 
tion (all  of  whose  members  are  members  of  Committee  No.  X)  is  sub- 
mitted herewith,  and  your  Committee  No.  X  recommends  its  adoption 
as  a  progress  report  for  transmission  to  the  American  Railway  Associa- 
tion for  its  information. 

In  accordance  with  the  instructions  of  the  Executive  Committee,  the 
work   for  the   year    1908   has   been   divided   into   two    sections. 

(i)  Further  development  of  a  method  of  uniform  signaling,  which 
has  been  considered  by  the  Committee  as  a  whole. 

(2)  Development  of  standard  designs  for  signal  apparatus,  which 
has  been  considered  by  a  Sub-Committee,  with  the  following  personnel : 
J.  C.  Mock,  Chairman ;  F.  P.  Patenall,  C.  C.  Anthonj^,  J.  A.  Peabody, 
Thos.  S.  Stevens. 

Your  attention  is  here  invited  to  the  action  taken  on  the  report  of 
the  Committee  on  Signaling  Practice,  submitted  to  the  Association  at 
the  annual  meeting  of  1907  (1908  A.  R.  E.  &  M.  W.  A.),  and  appear- 
ing on  pages  321  to  327  inclusive  of  Vol.  10  of  the  Proceedings  (pages 
45-57  inclusive  of  Vol.  9  A.  R.  E.  &  M.  W.  A.).  This  report  was 
adopted  by  the  letter-liallot  of  this  Association,  returns  from  which 
were  announced  in  February,  1908.  The  same  report  was  submitted 
to  the  American  Railway  Engineering  and  Maintenance  of  Way  Asso- 
ciation by  its  Signal  Committee  No.  X  and  was  adopted  practically 
without  dissent  at  the  annual  meeting  of  March,  1908.  The  report  has 
also  been  submitted  to  the  American  Railway  Association,  but  up  to 
August   I,    1908,   no  action  has  been  taken  bj'  that  body. 

W-hile  not  specifically  so  instructed,  your  Committee  has  assumed,  in 
carrying  on  its  work  for  this  year,  that : 

(i)  The  1907  (1908  A.  R.  E.  &  M.  W.  A.)  report  contains  a  list 
of  signal  indications  which  is  reasonably  complete,  and  contains  the 
essential   and   practicable    indications. 

(2)  That  the  work  of  the  Committee  for  the  year  1908  should  be 
the  development  of  aspects  for  the   several   indications. 

In  view  of  the  action  taken  at  its  meetings  during  the  period  from 
1904  to  1908,  and,  after  a  prolonged  discussion  of  signal  practice  and 
signal  aspects  in  Pittsburg,  December,  1907,  your  Committee  was  of  the 
opinion  that  the  best  progress  in  the  development  of  Aspects  would  be 
made  if  this  subject  was  handled  by  a  sub-committee  of  three  members. 
In  accordance  with  this  feeling,  a  Sub-Committee,  consisting  of  M.  H. 
Hovey,  Chairman ;  Azel  Ames,  Jr..  and  Frank  Rhea,  was  appointed  and 
instructed   to   obtain    from   each   member   of   the    General    Committee    his 
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scheme  of  aspects  to  represent  the  indications  appearing  in  the  1907 
(1908  A.  R.  E.  &  M.  W.  A.)  report,  Exhibit  No.  i,  page  323  of  Vol. 
10  of  the  Proceedings  (page  47,  Vol.  9,  A.  R.  E.  &  M'.  W.  A.),  review 
the  several  schemes  and  submit  a  report  based  thereon  at  the  next 
meeting  of  the  General  Committee.  This  report  was  submitted  at  the 
Buffalo  meeting,  May,  1908. 

In  the  work  of  the  Sub-Commitlee  on  Aspects  and  the  discussion  of 
the  same  at  the  Buffalo  meeting,  it  was  found  desirable  to  change  the 
arrangement  and  wording  of  the  indications  appearing  in  Exhibit  No.  i 
of  the  1907  (1908)  report  above  referred  to.  The  Sub-Committee  was, 
therefore,  instructed  to  revise  this  exhibit,  as  found  necessary,  and  sub- 
mit revised  diagram,  with  accompanying  aspects,  to  the  General  Com- 
mittee at  its  'Detroit  meeting,  July,  1908,  which  has  been  done. 

In  addition  to  the  revision  of  Exhibit  i  by  the  Sub-Committee,  re- 
visions of  this  exhibit  were  also  submitted  by  two  other  members  of  the 
Committee.  After  a  very  full  discussion,  Exhibit  102,  included  in  this 
report,  was  approved,  and  adopted  by  the  Committee.  In  explanation 
of  this   action,  your   Committee   invites   your   attention   to   the   following: 

On  page  322,  Vol.  10  of  the  Proceedings  (page  46,  Vol.  9,  A.  R.  E. 
&  M.  W.  A.),  this  conclusion,  taken  from  the  1907  (1908)  report,  appears: 
"It  is,  therefore,  the  conclusion  of  the  Committee  that,  in  a  system  of 
signaling,  the  aspects  should  primarily  serve  to  indicate  what  is  re- 
quired of  the  engineman  in  the  control  of  his  train,  and  secondarily* 
should  provide  for  the  giving  of  certain  additional  useful  information, 
limited  by  the  reasonable  practicability  of  displaying  the  necessary  aspects 
and  the  added  burden  upon  the  cngineman's  memory  that  will  result 
from  the  use  of  many  aspects." 

In  addition  to  the  above  conclusion,  it  should  be  held  in  mind  that 
the  basis  of  the  proposed  uniform  system  of  signaling  included  m  the 
1907   (1908)   report,  is   the  control  of  the  train  by  the  engineman. 

Upon  a  close  analysis,  it  was  found  that  Exhibit  No.  i  had  not  been 
developed  strictly  in  accordance  with  the  basis  and  conclusions  im- 
mediately preceding,  but  on  the  other  hand,  that  they  had  been  de- 
parted from  materially.  This  is  especially  the  case  with  the  wording  of 
the  indications.  Stating  this  criticism  in  another  way:  The  basis  of 
the  proposed  system  had  been  disregarded  to  a  certain  extent,  in  group- 
ing and   wording  the  indications. 

Exhibit  No.  102  will  be  found  to  agree  with  the  basis  and  conclu- 
sions of  the  1907  (1908)  report.  The  immediate  work  of  this  Committee 
is  then  to  provide  logical,  practicable  and  consistent  aspects  for  the  in- 
dications of  this  exhibit.  Your  Committee  has  been  able  to  reach  a 
decision  as  to  the  aspects  for  the  primary  indications,  and  submits  them 
herewith,   in  Exhibit   No.   104,   for  your  information. 

Your  Committee  has  not  been  able  to  decide  upon  the  aspects  for 
the  secondary  indications,  but  has  this  matter  now  under  consideration 
with  the  expectation  of  final  results  for  report  to  the  Association  at 
the    1909    (1910)    annual  meeting. 
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At  the  Detroit  meeting  four  different  series  of  aspects  for  these  indi- 
cations were  presented  by  as  many  members,  but  your  Committee  was 
not  ready  to  accept  any  one  of  the  four.  It  is  the  Committee's  plan  to 
compare  the  four  series,  and  any  further  that  may  be  presented,  very 
carefully,  and  invite  full  discussion  by  all  members  before  conclusions 
are  attempted.  A  Sub-Committee,  composed  of  Messrs.  Stevens,  Rhea 
and  Mock,  has  been  appointed  to  develop  and  present  a  consistent 
series  of  aspects  for  the  secondary  indications  at  the  next  meeting  of 
the  Committee. 

Your  Committee  has  been  handicapped  to  a  considerable  extent  in 
its  work  by  the  very  unfortunate  illness  of  the  Chairman,  and  desires 
that,  except"  as  requested  above,  this  report  be  accepted  as  a  progress- 
report  only;  also  that  the  Executive  Conmiittec  issue  instructions  to 
the  effect  that  the  work  now  in  hand  be  continued  during  the  year 
1909. 

The  discussion  which  took  place  at  the  Signal  Association  Annual 
Meeting,  held  in  Washington  on  October  13,  14  and  15,  1908,  developed 
the  fact  that  another  scheme  of  aspects  is  possible,  which  should  be 
considered  before  the  final  report  on  aspects  is  made.  For  the  infor- 
mation of  the  members,  a  description  of  this  scheme,  with  illustrations 
of  the  proposed  aspects,  is  appended. 

STANDARD    DESIGNS    AND    SPECIFICATIONS    FOR     MATERIAL. 

To  the  Members  of  the  Railway  Signal  Association: 

On  December  13,  1907,  President  Rudd  advised  the  Chairman  that 
the  work  of  this  Committee  was  to  handle  the  subject  of  Standard 
Materials  and  Designs.  Upon  receipt  of  these  instructions  there  was 
addressed  to  all  the  prominent  signal  companies  in  the  United  States 
an  invitation  to  name  a  representative  with  whom  the  Committee  could 
correspond  and  who  would  be  thoroughly  familiar  with  the  difficulties 
the  manufacturers  were  experiencing  because  of  the  many  various  designs 
and  variations  in  specifications  that,  to  all  intents  and  purposes,  might 
better  be  reduced  to  one  or  a  few.  Your  Committee  realized  that  it 
was  necessary  to  work  closely  with  the  manufacturers  if  permanent 
results  were  to  be  obtained.  The  manufacturers  endorsed  this  view  and 
named  the  following  representatives : 

American  Railway  Signal  Co.,  Mr.  H.  M'.  Abernethy. 

Continental  Signal  Co.,  Mr.  Geo.  H.  Paine. 

Federal  Signal  Co.,  Mr.  W.  W.  Laverack. 

General  Electric  Co.,  Mr.  F.  B.  Corey. 

General  Railway  Signal  Co.,  Mr.  M.  Wuerpel,  Jr. 

Hall  Signal  Co.,  Mr.  W.  H.  Lane. 

Union   Switch  and   Signal   Co.,  Mr.   W.  E.   Foster. 

On  request  of  iMr.  Paine,  he  was  relieved  as  representative,  and  Mr. 
W.  A.  D.  Short  substituted.  In  June  Mr.  Ellis  resigned  as  active  mem- 
ber of  the  Committee,  becoming  representative  member  for  the  Federal 
Signal  Company,  Mr.  Thos.  S.  Stevens  being  appointed  to  succeed  Mr. 
Ellis. 
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The  Railway  Signal  Association,  I  think,  is  fortunate  in  securing  the 
co-operation  of  these  able  representatives  to  assist  your  Committee  in 
the  establishment  of  standard  materials  and  designs. 

PROGRESS. 

At  the  first  meeting  your  Committee  submitted  the  following  list  of 
apparatus  and  materials  to  the  representatives  of  the  signal  companies 
as  a  beginning  and  as  representing  items,  if  not  first  in  importance, 
certainly  among  those  first  needing  standardization : 

( 1 )  Crank  and  crankstand. 

(2)  Compensator    and    compensator    stand. 

(3)  One-inch  pipe  and  pipe  coupling. 

(4)  Straight  signal  poles    (steel   pipe). 

(5)  Plain  and  screw  jaws. 

(6)  Upper  quadrant  semaphore  castings. 

Your  Committee  asked  the  glass  manufacturers  if  a  standard  scale 
could  not  be  adopted  whereby  the  same  marking  for  the  same  photo- 
metric values   for   lenses  and   roundels   could  be   used. 

Your  Committee  also  discussed  the  need  of  specifications  for  testing 
of  wood  fiber,  and  Mr.  Ellis  was  assigned  this  subject. 

Your  Committee  has  pursued  this  program  during  the  meetings  and 
also  during  the  time  they  could  devote  to  the  subjects  between  meetings, 
with  the  following  results  which  we  hereby  submit  for  your  con- 
sideration: 

MATERIALS     SPECIFICATIONS. 
SPECIFICATION   FOR  ONE-INCH    PIPE   AND  COUPLING. 

Pipe. 

1.  Pipe  must  be  of  soft  steel,  straight,  tough  and  uniform  in  qual- 
ity; free  from  cinder  pockets,  blisters,  burns  and  other  injurious  flaws. 
Must  be  hot  galvanized  inside  and  outside,  unwiped. 

2.  The  tensile  strength,  limit  of  elasticity  and  ductility  shall  be 
determined  from  a  test  piece  cut  from  finished  pipe. 

3.  The  pipe  shall  have  a  tensile  strength  of  not  less  than  52,000 
lbs.  per  sq.  in.,  and  an  elastic  limit  of  not  less  than  30,000  lbs.  per 
sq.  in.,  and  an  elongation  of  not  less  than  18  per  cent,  in  a  meas- 
ured length  of  eight  (8)  in.  All  pipe  must  stand  a  test  of  600  lbs.  per 
sq.  in.  internal  hydrostatic  pressure  without  leak. 

A  piece  of  pipe  one  (i)  ft.  long  will  be  selected  at  random  and  be 
subjected  to  a  flattening  test  by  hammering  the  piece  until  the  opposite 
sides  are  within  twice  the  thickness  of  the  wall  from  each  other ;  the 
piece  shall  show  no  cracks  in  the  steel  except  at  the  weld. 

4-  The  weight  of  one  (i)  ft.  of  one-inch  pipe  before  galvanizing 
should  be  1.71  lbs.,  and  in  no  case  will  pipe  be  accepted  weighing  less 
than  r.63  lbs.  per  ft.,  weight  of  coupling  not  included. 

5.  The  outside  diameter  of  pipe  must  conform  to  Briggs's  Standard. 
Any  pipe  enough  less  than  1.31  in.  in  diameter  to  result  in  flat  thread 
will  be  rejected. 
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Pipe — Continued. 

6.  The  manufacturer  shall  furnish  all  necessary  facilities  for  making 
tests  and  the  tests  shall  be  made  at  the  mill. 

7.  Inside  diameter  of  all  pipe  must  be  large  enough  to  receive  a 
hardening  steel  plug  of  f  I    in.  diameter  for  a  length  of  six  (6)  in. 

(8)  Not  more  than  one  per  cent,  of  pipe  less  than  fifteen  (15)  ft. 
long  will  be  accepted,  lengths  of  seventeen    (17)    ft.  and  over  preferred. 

9.  The  ends  of  pipe  must  be  cut  square  and  one  end  drilled  for  two 
14  in.  rivets  on  one  end  only;  first  rivet  hole  shall  be  drilled  2  in.  from 
the  end  and  the  second  2  in.  from  this  and  at  right  angles  to  it. 

ID.  Each  length  of  pipe  shall  have  a  thread  1%  in.  long,  ^  in.  total 
taper  per  foot,  "V"  threads  slightly  rounded  top  and  bottom  iil4  to  the 
inch.  The  threaded  portion  of  the  pipe  shall  be  of  such  diameter  as  to 
admit  the  coupling  to  be  screwed  on  five  turns  by  hand,  with  a  per- 
missible variation  of  one  turn  either  way. 

Couplings. 

Pipe  couplings  must  be  galvanized  and  must  be  2%  in.  long  and 
i^  in.  outside  diameter,  of  wrought  iron,  free  from  defects,  faced  al 
ends,  tapped  straight  through,  pitch  diameter  of  thread  to  be  such  as  to 
fit  pipe  as  per  Sec.  10  above. 

Plugs. 

Plugs  must  be  merchant  bar  steel,  10  in.  long,  %i  in.  in  diameter, 
drilled  for  four  J.^  in.  rivets  with  drill  .256;  spacing  to  be  i  in.,  2  in., 
4  in.,  2  in.,  i  in. ;  the  outside  holes  to  be  in  one  plane  and  the  inside 
holes  to  be  in  a  plane  at  right  angles  to  the  outside  holes. 

Rivets. 

Rivets  must  be  galvanized,  must  be  of  soft  iron  or  steel  J4  i"-  •" 
diameter,  iH  in.  long. 

Gray  Iron  Castings. 

1.  Gray  iron  castings  must  be  of  good  sound  iron,  free  from  flaws, 
blow  holes,  fins,  cold  shuts  or  shrinkage  cracks.  They  must  conform  to 
dimensions  shown  on  drawings  and  must  not  exceed  the  specified  weight, 
when  weight  is  specified. 

2.  Castings  having  any  section  less  than  Vz  in.  thick  shall  be  known 
as  light  castings. 

Castings  in  which  no  section  is  less  than  2  in.  thick  shall  be  known 
as  heavy  castings. 

Medium  castings  are  those  not  included  in  the  above  definitions. 

Chemical  Properties. 

Light  Castings — Sulphur  not  over  0.08  per  cent. 
Medium  Castings — Sulphur  not  over  o.io  per  cent. 
Heavy  Castings — Sulphur  not  over  0.12  per  cent. 
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Physical   Properties. 

Transverse    Test.— The    breaking    strength    of    the    arbitration    bar 
under  transverse  load  shall  not  be  under: 
Light  castings,  2,500  lbs. ; 
Medium   castings,   2,900   lbs. ; 
Heavy  castings,   3,300   lbs. ; 
With  load  applied  at  center  and  the  points  of  support  12  in.  apart. 

3.  The  manufacturer's  pattern  number  must  appear  on  each  casting 
and  be  so  located  that  it  will  not  wear  ofif  or  interfere  with  the  fitting 
of  other  parts  to  the  casting. 

4.  Castings  will  be  inspected  at  the  shops  of  the  manufacturer,  and 
those  which  fail  to  meet  the  above  requirements  will  be  rejected.  Test 
of  test  specimens  may  be  made  at  the  place  of  manufacture,  the  manu- 
facturer to  furnish  suitable  apparatus  to  make  the  test  without  expense 
to  the  purchaser ;  or  these  tests  may  be  made  at  destination  if  the 
purchaser  so  desires,  in  which  case  the  foundry  will  furnish  two  arbi- 
tration  bars  for  each   melt   used   in   filling   the   shipment. 

A  blue  print  showing  the  arbitration  bar  and  its  mold  will  be 
supplied  to  those  filling  orders  for  gray  iron  castings  for  the  purchaser, 
upon   request. 

iVIaileable   Iron   Castings. 

1.  Malleable  iron  castings  must  be  well  rattled,  clean  and  reason- 
ably free  from  flaws  or  shrinkage  cracks.  They  must  conform  to  the 
dimensions  specified  and  must  not  exceed  the  specified  weight  when  a 
weight  is  given. 

2.  (Manufacturers  will  submit,  for  approval,  a  sample  casting  from 
each  pattern,  when  so  requested. 

3.  When  shown  on  the  blue  print,  each  casting  must  have  one  or 
more  test  lugs.  The  shape,  size  and  mimber  must  be  as  specified, 
although  the  location  will  be  left  to  the  option  of  the  manufacturer.  The 
test  lugs,  when  broken  off,  shall  show  tough  and  strong  material. 

Machinery  Steel. 

1.  All  sections  must  be  true  to  size,  free  from  cracks,  flaws  and 
defects  of  all  kinds. 

2.  When  subjected  to  a  tensile  test  the  steel  must  show :  Tensile 
strength  per  sq.  in.,  48,000  to  58,000  lbs.  Elongation  in  8  in.  not  less 
than  25  per  cent. 

3.  Phospliorus  not  to  exceed  o.i  per  cent.;  sulphur  not  to  exceed 
0.065  per  cent. 

4.  When  subjected  to  a  bending  test,  either  hot  or  cold,  the  steel 
must  bend  double  over  a  diameter  equal  to  its  own  thickness  without 
showing  any   fracture. 

5.  The  results  of  the  chemical  analysis  made  at  the  steel  works  of 
each  melt  used  to  fill  the  order  must  be  furnished  to  the  purchaser's 
inspector  when  requested. 
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Machinery  Steel — Continued. 

Mild  steel  will  be  inspected  and  tested  at  the  shops  where  it  is  to 
be  used. 

If  the  material  fails  to  meet  the  requirements  of  these  specifications 
it  will  be  rejected  and  returned  at  the  expense  of  the  manufacturer. 

Wrought   Iron    Bars. 

1.  All  sections  must  be  true  to  size  and  shape  ordered.  Round  iron 
must  conform  to  the  M.  C.  B.  standard  limit  gages. 

2.  Iron  must  be  free  from  cracks,  flaws,  unwelded  seams  and 
mechanical  defects  of  all  kinds,  and  must  be  free  from  steel  scrap. 

3.  Samples  taken  at  random,  one  test  specimen  from  50  bars, 
approximately,  must  pass  the  following  tensile  test : 

Tensile  strength  per  sq.  in.,  not  below  48,000  lbs. 

Elongation  in  8  in.,  not  less  than  20  per  cent. 

The  fractures   must   not  be  more  than   15   per  cent,  crystalline. 

4.  When  subjected  to  bending  test,  either  hot  or  cold,  the  iron 
must  bend  through  an  angle  of  180  degrees  around  a  diameter  equal 
to  twice  the  thickness  of  the  bar  without  crack  or  fracture.  In  com- 
petent hands  the  iron  must  give  perfect  welds. 

5.  All  iron  showing  defects  in  working,  rendering  it  unfit  for 
service,  will  be  rejected  and  returned  to  manufacturer  at  his  expense. 

6.  The  iron  shall  be  inspected  at  the  shops  where  it  is  to  be  used 
and  if  it  fails  to  meet  the  requirements  of  these  specifications,  it  will 
be  rejected  and  returned  at  the  expense  of  the  manufacturer. 

SPECIFICATIONS    FOR     SIGNAL    ROUNDELS,    LENSES    AND    GLASS    SLIDES. 

GENERAL. 

Material. 

All  glasses  must  be  of  clear  uniform  solid  color,  containing  the 
highest  proportions  of  lead  compatible  with  durability  and  securing  the 
required  color  and  must  have  a  specific  gravity  of  not  less  than  2.75. 
Chipped   or   flashed   glasses    will   not   be   accepted. 

Workmanship. 

Workmanship  shall  be  of  the  best,  and  glasses  must  be  true  to 
size  and  form,  and  practically   free  from  bubbles,   streaks,  and  wrinkles. 

Color. 

Red,  green,  yellow,  blue,  purple  and  lunar  white  glasses  will  be 
purchased. 

Wrapping. 

Each   glass   must  be   wrapped   in   paper   of   corresponding   color. 

Tests. 

The  manufacturer  must  test  each  glass,  placing  thereon  a  label 
showing   the   photometric    value. 

The  purchaser  reserves  the  right  to  make  repetition  of  the  above 
test,    to    insure    that    only    material    meeting    the    requirement    is     ac- 
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Tests — Continued. 

cepted,  and  all  materials  not  meeting  such  requirements  will  be  rejected. 

All  red  glasses   must  be  submitted  to  the  sodium  test. 

Samples. 

'J"he  manufacturer  must  submit  samples  of  glasses,  showing  the 
extreme  limits  of  colors  which  it  is  proposed  to  furnish.  These  shall 
bear    labels    showing   the    photometric    values,    and    if    approved    will    be 

kept  in  the  office  of as  standards. 

Rejected  Material. 

The  purchaser  will  notifj'  the  manufacturer  promptly  as  to  rejected 
material,  which  will  be  retained  not  longer  than  two  weeks  from  date 
of  notification.  If  at  the  end  of  that  time  the  manufacturer  has  not 
advised  the  .purchaser  as  to  disposition,  such  materials  will  be  returned 
to  the  manufacturer  at  his  risk,  the  manufacturer  paying  the  freight 
both  ways  in  either  case. 

ROUNDELS. 

Design. 

Roundels  must  be  of  diameter  specified  in  order,  and  between 
.21   in.  and  .29  in.  thick. 

Roundels  will  be  subject  to  spcctro-photometric  analysis.  The  fol- 
lowing table  gives  an  analysis  of  roundels  of  the  various  colors  of 
medium  intensity,  the  letters  indicating  lines  of  the  spectrum,  and  the 
figures  showing  percentages  of  light  transmission  at  the  different  points. 
Roundels  of  medium  intensity  should  transmit  ligHt  as  nearly  as  pos- 
sible of  this  composition,  a  reasonable  variation  being  allowed  for  light 
and  dark  limits : 

AaBCDEbFGH 

Red     60    65    70    72      o      o      o      o      0      0 

Green     o      o      o      o      4    27    40    45     25      o 

Yellow     o    38    so    43    41     12      9      3      o      o 

Blue      o      o      o      o      3      4      6    24    40    46 

Pilrple      o    42    42      o      o      o      o      2    43    42 

Lunar    White    o    62    49     17     15     25     38    65     74      o 

Briefly   describing  the  above  photometric   values. 
Red. 

Will  be  of  such  quality   that  all  yellow  rays  of  light  are  absorbed, 
the    spectrum    being   either    red    or    red    and    orange.     The    photometric 
value   shall   be,   light    130,   standard    100,   dark   70. 
Green. 

Will  be   of  the  color  known  as  Admiralty  green,   having  a   slightly 
bluish    tint.     The   spectrum    shall    show   very    little   yellow,   being    a    full 
green    with    some    blue.     The    photometric    value    shall    be,    light     125. 
standard  100,  dark  75. 
Yellow. 

Will  give  a  spectrum  showing  a  full  yellow  band,  most  of  the  red 
and  slightly  of  the  green.  The  photometric  value  shall  be,  light  i'20, 
standard  100,  dark  80. 
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Blue. 

Will  give  a  spectrum  having  a  full  blue  band,  with  a  narrow  band 
of  green.  The  photometric  value  shall  be,  light  125,  standard  100, 
dark  75. 

Purple. 

Will  give  a  spectrum  showing  a  considerable  proportion  of  both 
red  and  blue.  The  photometric  value  shall  be,  light  125,  standard 
100,  dark  75. 

Lunar  White. 

Shall  show  a  maximum  of  absorption  for  the  yellow.  The  photo- 
metric  value   shall   be,   light    120,   standard    100,   dark  80. 

LENSES. 

Design. 

All  lenses  must  be  of  the  optical  pattern,  focusing  to  a  plane 
rather  than  to  a  point,  and  must  be  of  the  polyzonal  type,  with  smooth 
outer  face.  All  parts  of  the  lens  must  focus  to  an  area  not  exceeding 
^  in.  in  diameter  for  all  lenses  up  to  the  6  in.  size,  nor  exceeding 
Vz  in.  in  diameter  for  the  larger  sizes ;  must  be  so  designed  that  the 
divergence  of  the  projected  beam  (i.  e.,  spread),  with  flame  i  in.  broad, 
shall  not  exceed  i  ft.  from  the  axis  in  8  ft.  When  observed  at  a 
distance  of  30  or  40  ft.,  a  small  flame  •  oil  burner  being  placed  in  the 
focus,  the  whole  lens  shall  be  equally  illuminated,  the  "risers"  on  the 
inner   surface   showing  only  as   narrow  dark  rings. 

All  lenses  6f^  in.  and  over,  diameter,  must  have  at  least  five  zones, 
and  the  smaller  lenses  four,  and  must  be  corrugated  inside. 

Color. 

Colored  corrugated  lenses  must  have  the  same  photometric  and 
spectro-photometric  values  as  roundels  of  the  same  color,  but  allowance 
will  be  made   for   divergences   due  to   irregularities   of  manufacture. 

Focus. 

The  focus  of  each  lens  must  be  stamped  on  the  outer  zone. 

GLASS    SLIDES. 

Material. 

The  glass  must  be  double  thick,  and  of  the  same  character  of  ma- 
terial as  furnished  for  lenses  and  roundels.  Thickness  of  slides  shall 
be  not  less  than  .095  in.  and  not  more  than  .15  in. 

Design. 

Slides  must  be  cut  or  pressed  to   size  ordered. 

The  following  is  a  list  of  standard  drawings: 
Wire  Adjusting  Screw,  Dwg.   No.    looi. 
Pipe  Adjusting   Screw,   Dwg.   No.    1002. 
Obtuse  Angle  Crank,  Dwg.   No.   1003. 
Acute  Angle  Crank,  Dwg.  No.  1004.  !   i*-;- 
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Three   Arm   Crank,    Dwg.    No.    1005. 

Straight  Arm  Crank,  Dwg.  No.   1006. 

Right  Angle   Crank,   Dwg.   No.    1007. 

One-Way  Crankstand,  Dwg.  No.   1008. 

Two-Way  Crankstand,  Dwg.   No.   1009. 

One  and  Two-Way  Crank  Pins,  Dwg.  No.  loio. 

One-Way  Crankstand  Complete,  Dwg.   No.    ion. 

Two-Way  Crankstand  Complete,  Dwg.  No.   1012. 

One-Way   Compensator   Base,   Dwg.   No.    1013. 

One-Way  Compensator  Complete,  Dwg.  No.  1014. 

One-Inch  Pipe  and  Coupling,  Dwg.  No.   1015. 

Straight   Solid  Jaw    (Tang  End),   Dwg.   No.    1016. 

Offset  Solid  Jaw    (Tang  End),   Dwg.   No.    1017. 

Wide  Jaw    (Tang  End),   Dwg.   No.   1018. 

Slotted  Jaw    (Tang  End),  Dwg.   No.    1019. 

Screw  Jaw,  Dwg.  No.  1020. 

Screw  Jaw    (Tang  End),  Dwg.   No.    1021. 

Solid  Jaw    (Butt   End),   Dwg.   No.    1022. 

Lug   (Tang  End),   Dwg.   No.   1023. 

Straight  Adjustable   Link,   Dwg.   No.    1024. 

Solid  Link,  Dwg.  No.  1025. 

Standard  Ladder  for  Pipe  Mast,  Dwg.  No.   1026. 

Top  of  Ladder.  Dwg.   No.   1027. 

Sides  for  Ladder  Stays,  Dwg.  No.   1028. 

Front  and  Back  Clamps  for  Ladder  Stays,  Dwg.  No.  1029. 

Standard  38  ft.  2  in.   Pipe   Signal  Mast,  Dwg.   No.   1030. 

Standard   31    ft.   8   in.    Pipe   Signal   Mast,   Dwg.    No.    1031. 

Standard  25   ft.   2   in.    Pipe    Signal    Mast,    Dwg.    No.    1032. 

Jaw  Pin,  Dwg.  No.  1033. 

Base   for  6-in.    Signal  (Mast,    Dwg.    No.    1034. 

All  of  the  above  standard  designs  and  specifications  were  adopted 
by  the  Railway  Signal  Association,  and  it  is  recommended  that  they  be 
adopted  by  this  Association   and  printed  in  the   Manual. 

In  conclusion,  your  Committee  would  suggest  that  possibly  some  of 
the  subjects,  other  than  No.  5,  herewith  reported  on  may  be  such  as 
in  the  judgment  of  the  Board  of  Direction  should  be  transmitted  to  the 
American    Railway   Association. 

Your  Committee  would  further  suggest  that  during  the  coming 
year  the  Committee's  work  be  the  completion  of  the  work  now  in  hand. 

Respectfully   submitted, 

A.  H.  RuDD  (Director),  Signal  Engineer,  Pennsylvania  Railroad,  Phila- 
delphia,  Pa.,  Chairman. 

L.  R.  Clausen,  Superintendent,  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way,  Chicago,   111.,   V ice-Chairman. 

AzEL  Ames,  Jr.^  Signal  Engineer,  New  York  Central  &  Hudson  River 
Railroad,  New  York,  N.   Y. 
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C.  C.  Anthony,  Assistant  Signal  Engineer,  Pennsylvania  Railroad,  Phil- 
adelphia, Pa. 

H.  S.  Baluet,  Engineer  Maintenance  of  Way,  Grand  Central  Station 
and  Electric  Division,  New  York  Central  &  Hudson  River  Railroad, 
New  York,   N.   Y. 

H.  S.  Cable,  General  Superintendent,  Central  District,  Chicago,  Rock 
Island   &   Pacific   Railway,   Davenport,   la. 

C.  A.  Christofferson,  Signal  Engineer,  Chicago  Great  Western  Rail- 
way,  St.  Paul,  Minn. 

G.   E.   Elxis,   Albany,   N.  Y. 

M.  H.  HovEY,  Chicago,  111. 

J.  C.  Mock,  Electrical  Engineer,  Detroit  River  Tunnel  Company,  De- 
troit,  Mich. 

F.  P.  Patenall,  Signal  Engineer,  Baltimore  &  Ohio  Railroad,  Balti- 
more, Md. 

J.  A.  Peabody,  Signal  Engineer,  Chicago  &  Northwestern  Railway,  Chi- 
cago, 111. 

Frank  Rhea,  Schenectady,  N.  Y. 

W.  B.  Scott,  Assistant  Director  of  Maintenance  and  Operation  Harri- 
man  Lines,  Chicago,  111. 

Thos.    S.   Stevens,  Signal   Engineer,   Santa   Fe   System,   Topeka,   Kan. 

J.  E.  Taussig,  Terminal  Superintendent,  Wabash  Railroad,  St.  Louis, 
Mo. 

H.  H.  Temple,  Superintendent,  Baltimore  &  Ohio  Railroad,  New  Castle, 
Pa. 

H.   M.   Waite,   Superintendent,   Seaboard   Air   Line,   Birmingham,   Ala. 

Edwin  F.  Wendt  (Director),  Assistant  Engineer,  Pittsburg  &  Lake 
Erie    Railroad,    Pittsburg,    Pa. 

Committee. 

EXPLANATION     OF    SUGGESTED    SERIES    OF    ASPECTS     AS 
SHOWN  IN  EXHIBIT  NO.   io6. 

Diagram  "A"  shows  the  fundamental  principles  upon  which  the 
series  of  aspects  is  based.  It  will  be  noted  that  the  upper  and  lower 
arms  give  information  leading  to  the  immediate  control  of  a  train. 

The  upper  arm  gives  the  following  indications : 
90  degree  position,  Normal  Speed. 
45  degree  position.  Limited  Speed. 
o  degrees  or  horizontal,  Stop. 

The  lower  arm  is  used  for  slow  speed. 

The  second  arm  gives  information  leading  to  the  future  control  of 
a  train.  It  is  a  TRUE  repeater  of  the  upper  arm  of  the  signal  in 
advance. 

The  same  indications  are  used  as  in  Exhibit  No.  104.  It  will  be 
noted  in  this  series  of  aspects  that  as  the  indications  become  more 
favorable  to  the  runner,  yellow  and  then  green  is  substituted  for  red 
in  the  order  named. 
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DIAGRAM    A.     FUNDAMENTAL    PRINCIPLES    UPON     WHICH 

ARE   BASED   THE    SERIES   OF   ASPECTS    SHOWN 

ON   EXHIBIT   NO.    io6. 


1.  Proceed    at    normal    speed. 

2.  Proceed    at    limited    speed. 

3.  Stop. 

4.  Prepare  to  pass  next  signal  at  normal  speed. 

5.  Prepare  to  pass  next  signal  at  limited  speed. 

6.  Prepare    to   stop   at   next   signal. 

7.  Proceed   at   low   speed. 

8.  Of  no   significance,  except  to  mark  presence 

of    a    low    speed    signal. 
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DISCUSSION. 

Mr.  A.  H.  Rudd  (Pennsylvania  Railroad)  : — There  were  six  sub- 
jects specifically  assigned  to  the  Committee  on  Signaling  and  Inter- 
locking. It  is  a  pretty  heavy  load  for  one  man  to  carry,  and  I  have 
asked  Mr.  Anthony  to  take  care  of  the  first  division,  Mr.  Clausen 
the  second  division,  Mr.  Ames  the  third  division,  iMr.  Rhea  the  fourth 
division,  the  chairman  the  fifth  division,  Mr.  Mock  the  sixth  division, 
Mr.  Stevens  the  seventh  division  and  Mr.  Peabody  the  eighth  divi- 
sion, because  they  handled  those  subjects  in  Committee,  except  that 
the  mechanical  interlocking  specifications  were  handled  by  the  Me- 
chanical Interlocking  Committee  of  the  Railway  Signal  Association ;  Mr. 
Kelloway,  the  chairman  of  the  Mechanical  Interlocking  Committee  of 
the  Railway  Signal  Association,  is  here ;  the  electrical  specifications 
were  handled  by  Mr.  Mann,  also  a  member  of  the  Railway  Signal 
Association,  who  is  also  here  to-day.  In  the  absence  of  Mr.  Clausen, 
(Mr.  Mann  will  answer  any  questions  in  regard  to  subject  2. 

There  is  one  correction  to  be  made  in  the  list  of  sub-committees. 
In  the  sub-committee  on  Aspects,  Mr.  Anthony  has  been  substituted 
for  Mr.   Peabody. 

Subjects  I,  2  and  3  have-  all  been  acted  on  by  letter  ballot  of  the 
Railway  Signal  Association  and  all  adopted  as  specifications.  They 
are  altogether  too  voluminous  to  discuss  by  paragraphs  here,  and  the 
Committee  simply  hopes  that  this  Association  will  endorse  the  action 
of  the  Railway  Signal  Association.  Subject  4  should  be  brought  up  for 
argument,  and  subject  S   is  a  progress   report. 

The  President : — Too  frequently  in  our  conventions  the  individual 
members  of  the  Committee  have  nothing  to  say.  They  occupy  honor- 
able positions  on  the  platform,  but  they  assign  the  speaking  to  the 
chairman.     Mr.   Rudd's   idea   is   commendable. 

Mr.  Rudd : — It  is  important  we  should  proceed  with  the  reports 
as  they  are  here. 

The  President: — The  chair  will  ask  the  chairman  of  the  Committee 
for  a  suggestion  as  to  how  he  wishes  this  particular  report  brought  up 
before  the  convention.  It  is,  as  he  says,  very  voluminous.  It  is  im- 
portant to  economize  as  much  time  as  possible,  but  yet  it  is  most 
desirable  to  get  all  the  essential  features  out  of  the  report  brought 
before    us. 

Mr.  Rudd : — I  am  sorry  that  Mr.  Rhea,  who  had  charge  of  the 
subject,  is  not  here,  but  I  suggest  in  his  absence  that  we  start  by 
reading  the  sample  agreement,  or  proceed  by  paragraphs,  if  desired  to 
dispense  Avith  the  reading  of  the  sample  agreement.  This  particular 
branch  of  the  -  report  is  presented  with  the  idea  of  getting  discussion 
from  the  members  of  the  Association. 
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Mr.  L.  C.  Fritch  (Illinois  Central)  : — I  do  not  quite  understand 
whether  the  first,  second  and  third  subjects  have  been  passd  upon, 
whether  these  specifications  for  mechanical  and  electrical  interlocking 
plants,  or  the  specifications  for  rubber-covered  wire  have  been  passed 
upon  by  this  Association.     If  not,  is  not  that  in  order? 

Mr.  Rudd : — I  think  we  could  proceed  as  printed  in  the  book. 
Subjects  I,  2  and  3  have  not  been  passed  upon  by  the  Association,  ex- 
cept that  some  two  years  ago  we  adopted  mechanical  specifications — 
we  never  have  adopted  electrical  specifications,  we  have  waited  two 
years  for  the  action  of  the  Railway  Signal  Association — and  we  have 
never  adopted  rubber-covered  wire  specifications.  The  mechanical  speci- 
fications submitted  are  at  great  variance  with  the  present  mechanical 
specifications  of  this  Association.  They  will  probably  have  to  be 
changed  in  certain  immaterial  respects  next  year,  but  the  specification 
as  it  now  stands,  as  completed  by  the  Signal  Association,  is  so  much 
better  than  the  specification  we  have  that  I  think  it  should  be  adopted 
as  a  whole,  and  I,  therefore,  move  the  adoption  of  the  mechanical 
interlocking  specifications   as   presented. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  would  ask  the 
Committee  when  the  specifications  were  adopted  by  the  Railway  Signal 
Association,  and  if  they  have  been  tried  out  so  as  to  eliminate  the 
possible   defects   in   a   specification   which   has   been   recently  drawn? 

Mr.  Rudd : — The  specifications  were  submitted  to  letter-ballot  last 
October  and  have  been  adopted  by  letter-ballot.  There  is  one  thing 
about  specifications  for  mechanical  interlocking  that  we  felt  prett)' 
sure  of,  and  that  is,  that  the  mechanical  interlocking  specifications 
have  passed  the  experimental  stage.  Mechanical  interlocking  is  not  a 
new  thing,  and  we  have  been  using  specifications  for  the  last  ten 
years,  each  year  making  progress,  so  I  do  not  think  there  will  be 
any  difficulty  in  carrying  out  the  specifications  as  at  present  submitted, 
because  there  are,  as  far  as  I  know,  no  innovations,  it  is  simply  a 
matter  of  bringing  them  up  to  approved  practice.  There  may  be  some 
particular   point  that  Mr.   Ewing  has   in   mind. 

Mr.  Ewing: — In  reading  over  the  specifications  prior  to  this  meet- 
ing, I  find  that  the  Committee  has  excluded  the  use  of  wrought-iron 
pipe  and  have  recommended  specifications  which  permit  the  use  of  steel 
pipe  only.  I  would  like  to  bring  out  that  point,  as  it  seems  to  me 
a  very  important  one,  and  ask  the  Committee  why  they  thought 
wrought-iron  pipe   should  be  excluded  from  these  specifications. 

Mr.  Rudd: — I  think  it  would  take  two  hours  to  tell  all  the  rea- 
sons why,  but  to  sum  up  the  plain  English  of  it,  without  any  reflec- 
tions on  anybody,  the  signalmen  have  been  fooled  about  wrought-iron 
pipe  for  the  last  ten  years.  The  wrought-iron  pipe  we  have  been 
receiving  has  been  made  of  mild  steel.  It  is  a  strange  thing,  but  it  is 
true.  We  paid  for  wrought-iron  pipe  and  got  mild  steel.  If  we  order 
steel  we  pay  a  less  price  and  get  better  pipe,  because  some  wrought- 
iron  pipe  is  made  of  a  very  poor  grade  of  steel. 
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Mr.  Ewing: — The  chairman's  admissions  prove  to  my  mind  that 
we  should  include  in  these  specifications  a  specification  for  wrought- 
iron  pipe.  If  we  specify  mild  steel  only  we  will  get  bad  steel;  if  we 
include  wrought-iron  we  will  get  better  pipe.  It  is  a  matter  of  con- 
siderable importance,  and  I  think  one  that  justifies  the  very  fullest 
discussion.  Any  serious  attempt  to  discuss  the  merits  of  steel  and 
iron  in  this  convention  at  this  time  would  take  the  entire  day  and 
perhaps  to-morrow;  but  I  venture  the  assertion  if  the  matter  is  left 
to  a  choice  of  the  majority  of  the  members  here,  as  to  the  use  of 
wrought-iron  or  steel,  men  who  have  had  an  opportunity  of  using 
both,  the  majority  will  vote  in  favor  of  the  iron. 

Mr.  J.  C.  Mock  (Detroit  River  Tunnel  Company)  : — The  subject 
was  assigned  to  a  sub-committee,  and  their  first  draft  of  a  specification 
called  for  steel.  We  have  made  a  drawing,  which  is  to  accompany 
the  material  specification,  and  we  have  explained  to  the  trade  that  this 
drawing  will  be  used  for  a  specification  for  wrought-iron.  What  the 
chairman  has  said  is  true ;  in  our  study  we  found  that  a  great 
deal  of  pipe  which  had  been  received  by  the  railroads  and  known  by 
them  as  wrought-iron,  after  test  has  been  found  to  be  of  soft  steel. 
The  specification,  as  submitted  to  this  Association,  is  changed  some- 
what from  the  form  in  which  it  was  originally  written,  to  raise  the 
tensile  strength  and  limit  the  elasticity  in  order  to  raise  it  above  what 
could  be  used  for  the  wrought-iron  specffication.  It  is  the  intention 
of  the  sub-committee  on  Standards  to  prepare  a  specification  for 
wrought-iron  pipe,  but  thought  this  one  should  be  tried  out  first,  and 
if  we  can  get  pipe  in  accordance  with  these  specifications  it  will  be 
all  right.  After  carefully  going  into  the  merits  of  the  black  and 
galvanized  pipe,  the  Committee  decided  it  would  be  better  to  call  for 
galvanized  pipe.  Of  course  that  clause  can  be  omitted  from  the  speci- 
fication by  anyone  desiring  to  use  black  pipe. 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines): — Clause  30  says:  "The 
body  of  all  jaws  shall  be  of  wrought-iron."    Is  that  mild  steel? 

Mr.  Rudd: — No,  it  is  not,  Mr.  Gushing,  and  the  jaws  are  not  the 
pipe. 

Mr.  Ewing: — I  call  attention  to  the  Committee's  recommendation 
that  all  pipe  posts  shall  be  made  of  wrought-iron. 

The  President : — Give  your  reference,  Mr.  Ewing,  so  that  the  mem- 
bers can  refer  to  it. 

Mr.  Ewing: — It  is  under  the  heading  of  poles,  "straight  pipe  posts 
shall  be  made  of  certain  sizes  of  wrought-iron  pipe." 

Mr.  Mock: — I  think  it  would  be  well  to  say  that  the  specifications 
for  the  various  interlocking  installations  have  been  made  by  various 
committees,  and  the  commercial  term  employed  is  "wrought-iron,"  while, 
as  a  matter  of  fact,  it  is  soft  steel,  and  in  these  pipe  specifications  we 
intentionally  change  to  the  word  "steel,"  although  I  think  in  some 
of  the  drawings  marked  "wrought-iron"  it  is  well  known  that  what 
we  get  is  a  mild   steel.     The  Committee   on   Standards   of  the  Railway 
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Signal  Association   is   harmonizing  these  various   specifications,  the   pur- 
pose being  to  cut  out  these  little  inconsistencies. 

Mr.  Rudd: — Perhaps  it  will  help  Mr.  Ewing  to  state  that  the 
trade  name  is  wrought-iron  pipe  as  distinguished  from  cast-iron  pipe. 
The  detail  specifications  for  material  is  shown,  specifying  for  l-in. 
pipe  a  coupling  of  a  certain  dimension — that  is,  where  the  steel  comes 
in — the  other  is  known  by  the  trade  name,  and  there  is  no  detail 
specification  as  to  how  it  shall  be  made. 

Mr.  Ewing: — I  have  taken  the  specifications  literally.  There  are 
reliable  manufacturers  to-day  who  are  manufacturing  exclusively 
wrought-iron  pipe  of  a  very  high  grade.  The  only  advantage  that 
I  have  heard  mentioned  in  favor  of  the  steel  is  its  greater  tensile 
strength — elongation.  That  is  no  test  of  durability.  Our  experience 
is  that  the  wrought-iron  pipe  is  very  much  more  durable  than  steel 
pipe.  Steel  pipe  with  a  high  percentage  of  manganese  begins  to  pit 
very  soon  after  it  is  used.  That  pitting  continues  at  a  very  rapid 
rate  and  the  deterioration  is  very  rapid.  Wrought-iron  does  not  de- 
teriorate nearly  so  rapidly  as  the  steel  pipe.  Furthermore,  I  believe  that 
the  wrought-iron  pipe  is  safer  than  steel.  Steel  pipe,  under  alternate 
compression  and  tension,  breaks  at  the  root  of  the  thread.  Wrought- 
iron  pipe  will  not;  so  that  I  feel  it  would  be  a  great  mistake  for  this 
Association  to  pass  the  specifications  for  steel  pipe  only.  I  firmly 
believe  that  genuine   wrought-iron  pipe  is  a  much  better   article. 

The  President: — Do  you  make  a  motion  to  that  effect? 

Mr.  Ewing : — I  would  move  that  the  Committee  prepare  specifica- 
tions for  wrought-iron  pipe,  to  be  included  in  the  specifications  along 
with  steel  pipe. 

Mr.  Rudd : — Do  I  understand  by  that  that  those  will  be  adopted 
without  coming  before  the  Association,  or  will  the  specifications  for 
steel  pipe  be  rejected  and  not  appear  in  the  Manual  and  held  over  until 
such  time  as  we  have  specifications  for  both?  The  Committee  might 
prepare  specifications  for  wrought-iron  pipe,  which  would  substitute 
the  words  "wrought-iron"  instead  of  soft  steel  and  be  just  the  same 
all  the  way  through,  because  this  is  practically  what  we  have  been 
getting  as   wrought-iron  for  some  time. 

Mr.  Ewing: — I  believe  that  these  specifications  might  properly  go 
over  another  year  and  have  revised  specifications  prepared  for  sub- 
mission at  the  next  annual  meeting.  Our  specifications,  as  printed  in 
the  Manual,  as  I  recall  them,  were  only  adopted  at  the  last  meeting. 
Now,  we  are  called  upon  to  adopt  new  specifications  which  have 
not  been  tried  out,  and  I  think  in  view  of  these  objections  wc  might 
very  properly  allow  these  specifications  to  go  over   for  this  year. 

The  President : — Mr.  Ewing,  would  you  change  your  motion  to 
one  recommitting  these  specifications  to  the  Committee  with  instruc- 
tions to   prepare   a   specification   for   wrought-iron   pipe? 

Mr.  Ewing: — Yes,   sir,   I   would   make   that   as   a   motion. 
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The  President : — Are  you  ready  for  the  motion,  to  refer  back  this 
specification  for  mechanical  interlocking  to  the  Committee  in  order  that 
they  may  prepare  a  specification  for  wrought-iron  pipe  along  with  steel? 

Mr.  W.  G.  Besler  (Central  Railroad  of  New  Jersey)  : — I  quite 
agree  with  the  remarks  made  by  iMr.  Ewing,  ?.nd  I  hope  his  motion 
will  prevail  and  that  the  members  will  give  consideration  to  their 
interests   and  assist   in   that  direction. 

The  President : — Are  you  ready  for  the  question  ? 

(Motion  carried.) 

The  President : — The  specifications  for  mechanical  interlocking  are 
referred  back  to  the  Committee,  with  instructions  to  prepare  a  speci- 
fication for  wrought-iron  pipe.  The  chair  asks  the  chairman  to  have 
the  subject  of  interlocking  specifications  presented. 

Mr.  Rudd : — I  presume  it  will  be  the  sense  of  the  Association  to 
refer  the  power  interlocking  specifications  back  for  another  year, 
because  they  are  newer  than  the  mechanical  specifications  and  have 
been  drawn  up  with  only  four  or  five  years'  practice.  They  are  some- 
what experimental,  in  a  good  many  ways,  and  if  it  is  to  be  the  idea 
that  we  will  not  adopt  any  specifications  until  they  have  been  tried 
out  in  practice  by  somebody,  it  will  be  difficult  to  present  a  specification 
on  a  new  subject. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — I 
move  that  the  specification  on  electrical  interlocking  be  received  as  a 
progress   report, 

Mr.  Chas.  S.  Churchill   (Norfolk  &  Western)  : — I  second  the  motion. 

(Motion  carried.) 

Mr.  Rudd: — The  subject  of  rubber-covered  wire  has  been  dis- 
cussed in  the  Railway  Signal  Association  several  years.  The  specifica- 
tions were  adopted  two  years  ago,  and  a  year  ago  the  matter  was 
referred  back  to  the  Committee  and  this  year  there  were  a  few  slight 
changes  made  in  the  report  and  it  was  adopted  again  as  the  specifica- 
tions, so  that  these  specifications,  with  very  slight  changes,  have  been 
in  use  and  some  roads  have  had  them  in  use  for  four  years.  If  the 
Association  feels  that  that  is  long  enough  I  think  the  Committee 
would  be  glad  to  see  them  adopted. 

Mr.  L.  C.  Fritch : — I  move  the  specifications  for  rubber-covered 
wire,  as  submitted  by  the  Committee,  be  adopted  by  this  Association 
and  printed  as  specifications  in  the  Manual. 

Mr.  Besler : — I   second  the  motion. 

(Motion    carried.) 

iMr.  Rudd : — The  next  is  "Standard  Interlocking  Agreement  for 
Signal  Work."  Mr.  Rhea,  who  had  that  in  charge,  is  here.  Mr.  Rhea 
may  want  to  say  something  about  this. 

Mr.  Frank  Rhea  (General  Electric  Company)  : — This,  as  you  will 
notice,  is  a  progress  report.  The  purpose  of  the  report  is,  largely,  to 
enable  the  Association  to  take  definite  action  as  to  what  shall  be 
the  basis   of   division   of  the   various   component   parts   of   the   expense 
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of  constructing,  maintaining,  renewing  and  operating  interlocking  plants. 
We  have  entitled  it  an  agreement,  as  it  is  actually  more  than  a  con- 
tract; it  is  perpetual.  We  have  undertaken  to  give  conclusions  here 
which  will  enable  the  Committee  then  to  draw  drafts  of  agreements 
which  will  be  in  accord  with  the  accepted  basis  for  the  division  of 
expense.  That  is  really  the  purpose  of  this  progress  report,  as  we 
feel  it  would  be  rather  futile  to  give  a  final  report,  leaving  unsettled 
as  to  what  shall  be  the  controlling  basis  of  the  divisions,  and  we  felt 
it  was  necessary  for  us  to  have  the  Association  settle,  from  the  stand- 
point of  principle,  how  the  expenses  should  be  divided.  We  will 
then  draft  our  agreements  in  the  various  forms  to  comply  with  the 
sample  printed.  That  is  really  the  purpose  of  the  progress  report,  as 
now  presented,  and  it  is  the  desire  of  the  Committee  that  you  give  us 
a  definite  expression  on  the  conclusions  we  have  presented,  or  that 
you  give  us  alternate  principles  to  take  their  place,  in  definite  form, 
so  that  we  can  then  proceed  with  the  conclusion  of  a  final  report.  I 
think  it  is  possible  either  to  indorse  the  conclusions  which  we  have 
made  or  by  substitution  and  amendments,  suggest  the  principles  which 
shall  prevail.  I  think  that  that  will  come  out  in  a  discussion  of  the 
report  if  it  takes  place.  You  can  either  endorse  the  principles  which 
we  have  presented  or  you  can  amend  them  and  give  us  an  ex- 
pression of  what  you  want  us  to  do ;  in  other  words,  outline  the 
principles   which   you   want   us  to   follow. 

The  President: — The  chair  would  ask  the  chairman  if  the  Com- 
mittee has  had  any  conference  with  the  Committee  on  Uniform  General 
Contract  Forms  with  regard  to  the  preparation  of  this  form  of 
contract. 

Mr.  Rhea : — No,  sir ;  we  have  not  had  any  conferences  with  the 
Committee  on  Uniform  General  Contract  Forms. 

The  President : — What  do  you  wish  to  do  with  this  progress  report, 
this  sample  agreement? 

Mr.  McDonald : — I  move  that  it  be  considered  by  paragraphs. 

(Motion    carried.) 

The     Secretary: — "Sample     Agreement — Class     A.     Preamble.       This 

Agreement,   made   and   entered    into   this    day   of    

A.   D.,  by  and  between   the   A   and   B    Company,   hereinafter   called   the 
X  Company,  party  of  the  first  part,   and  the   C  and  D   Company,   here- 
inafter called  the  Y  Compan}-,  party  of  the  second  part. 
Witnesseth: 

''Whereas,   the    roads    of   the    respective   parties    now    intersect   and 

cross  each  other  at  ,  as  provided  for  in  an  agreement  made  and 

entered    into    the    ....    day    of    A.    D.,    by    and    between   the 

E  and  F  Company  of  the  first  part  and  the  G  and  H  Company  of 
the  second  part,  of  which  the  said  X  Company  and  said  Y  Company 
are  the  respective   successors,  and 

"Whereas,  the  parties  are  mutually  desirous  of  erecting,  renewing, 
maintaining    and    operating    an    interlocking    plant    at    said    crossing    to 
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facilitate  and  render  more  safe  the  passage  of  trains  over  the  same,  the 
location  of  said  crossing  being  identified,  and  the  said  interlocking  plant 

to  be  arranged  as  shown  upon  blueprint  dated    ,  identified  by  the 

signature  of  the    Engineer  of  the  first  party,  and  the    

Engineer  of  the  second  party,  attached  hereto,  marked  Exhibit  'A,' 
and  hereby  made  a  part  of  this  agreement,  and 

"Whereas,  the  parties  hereto  have  agreed  upon  the  terms  and  con- 
ditions upon  whicli  said  interlocking  plant,  as  shown  by  said  Exhibit 
'A,'  shall  be  constructed,  renewed,  maintained  and  operated  ; 

"Now  Therefore,  in  consideration  of  the  premises,  and  in  further 
consideration  of  the  mutual  covenants  and  agreements  hereinafter  stipu- 
lated to  be  kept  and  performed,  it  is  agreed  between  the  parties  for  the 
purpose  of  defining  the  terms  and  conditions  upon  which  said  interlock- 
ing plant  shall  be  constructed,  renewed,  maintained  and  operated,  as 
follows : 

"First — The  said  X  Company  agrees  to  construct  an  interlocking 
plant  as  shown  upon  said  Exhibit  'A,'  and  in  accordance  with  the 
specifications  to  be  approved  by  the  above-named  Engineers,  under  the 
operation  of  which  trains  of  either  party  may,  pursuant  to   the  laws   of 

the  State  of   ,  pass   over   the  tracks  of  the  other  party   without 

coming  to  a  stop.  The  cost  of  removing  any  existing  safety  devices  or 
appliances  shall  be  divided  in  like  manner,  as  the  cost  of  the  former 
renewal  and  maintenance  expense  of  said  devices  or  appliances  has 
been  heretofore   divided. 

"Second — The  cost  of  constructing,  renewing  and  maintaining  said 
interlocking  plant,  as  shown  upon  said  Exhibit  'A,'  shall  l)e  borne  on 
an  operated  unit  basis  by  the  parties  hereto  in  the  proportion  that  the 
total  number  of  operated  units  used  to  interlock  the  tracks  of  each  of 
the  respective  parties,  bears  to  the  total  number  of  operated  units  of 
the  complete  interlocking  plant,  as  shown  by  the  tal)le  of  operated  units 
on   said   Exhibit  'A.' 

"Third — (a)  The  cost  of  operating  said  interlocking  plant,  as 
shown  by  said  Exhibit  'A,'  shall  be  borne  equally  by   tlie  i)arties  hereto. 

"(b)  The  cost  of  operating  said  interlocking  plant  shall  be 
borne  as  follows : 

"Said    Company    shall    pay    tlie    sum    of    Dollars 

($ )  per  month,  the  amount  which  it  now  pays  for  railway  cross- 
ing watchmen,  their  supplies,  and  maintenance  of  railway  crossing  gates ; 
the  balance  of  said  operating  expenses  shall  be  divided  equally  between 
the  parties  hereto. 

"Note. —  (a)    and    (b)    to  be   used  as   circumstances    require. 

"Fourth — All  extensions  or  changes  of  said  interlocking  plant  aris- 
ing from  changes  made  in  any  existing  track  or  tracks,  or  made  to 
cover  any  future  track  or  tracks  or  connections  which  either  party  may 
have  the  right  to  construct,  or  which  may  be  required  by  reason  of  any 
changes  made  in  the  standard  appliances  of  either  Company,  or  ordered 
by  proper   authority,   shall   be   made  by   said   X    Company    and   the   first 


I 


SIGNALING    AND    INTERLOCKING.  215 

cost  of  such  extensions  or  changes  shall  be  borne  by  the  party  hereto 
for  whose  benefit  said  extensions  or  changes  are  made,  and  the  amount 
chargeable  for  renewal  and  maintenance  to  each  party  in  such  case  is  to 
be  determined  by  the  proportion  which  the  total  number  of  operated 
units  then  used  to  interlock  the  tracks  of  each  of  the  respective  parties, 
bears  to  the  total  number  of  operated  units  of  the  complete  interlocking 
plant." 

Mr.  Ewing : — I  just  want  to  bring  up  a  little  discussion  on  one 
of  these  points.  I  do  not  quite  catch  what  is  intended  by  the  third 
paragraph.  As  I  take  it,  that  could  not  apply  to  a  grade  crossing, 
for  instance.  A  road  crosses  another  road  at  grade,  and  if  this  para- 
graph is  adopted  the  new  road  is  required  to  pay  only  one-half  of  the 
cost  of  the  operators   protecting  that  crossing. 

Mr.  Rhea : — Explanations  of  paragraphs  A,  B  and  C  will  explain 
that  this  draft  of  agreement  is  only  a  sample  to  bring  out  the  view? 
of  the  members,  and  that  it  covers  only  the  building  of  an  interlocking 
plant  at  an  existing  crossing.  It  is  not  intended  to  cover  the  operation 
or  construction  of  a  plant,  either  where  a  new  road  crosses  two 
existing  roads  at  an  interlocking,  or  where  a  new  road  crosses  an 
existing  road.  Those  are  to  be  covered  by  B  and  C,  which  will  have 
to  be  different  agreements.  You  cannot  make  a  universal  agreement 
covering  three  types  of  conditions.  A  point,  however,  that  will  prob- 
ably come  up  in  our  conclusions,  one  of  the  principal  points  that  we 
want  settled,  is  whether  we  will  have  a  different  method  of  dividing 
operation  than  we  will  for  construction,  maintenance  and  renewal.  In 
other  words,  articles  2  and  3  are  very  critical  points  in  this  agreement 
and  the  principles  involved  therein. 

Mr.  Ewing: — If  this  question  will  come  up  later,  as  to  dividing 
the  cost,  I  will  not  have  anything  more  to  say  on  the  subject  just 
now.  As  I  understand  Mr.  Rhea,  that  question  will  appear  a  little 
later   in   our  conclusions. 

Mr.  Rhea : — We  intend  to  bring  that  out  pointedly  in  our  con- 
clusions.    Our   conclusions    are   the    gist    of  the    proposition. 

The  Secretary: — "Fifth — The  renewal  and  maintenance  of  said  in- 
terlocking plant  shall  be  under  the  sole  charge  and  control  of  said  X 
Company,  and  it  shall  employ  competent  persons  to  renew  and  main- 
tain the  same,  and  such  parties  from  time  to  time  so  employed  shall 
be  considered  as  joint  employes  of  the  parties  hereto  and  shall  be 
removed  for  good  and  sufficient  reasons  upon  request  in  writing  of 
the  general  managing  officer  of  the  said  Y  Company. 

"And  it  is-  further  mutually  agreed  and  understood  that  in  event 
said  Y  Company  shall  in  writing  notify  said  X  Company  of  renewals 
and  repairs  that  may  be  necessary  for  the  safe  and  proper  operation  of 
the  said  interlocking  plant,  and  if  said  X  Company  neglects  for  a  period 
of  30  days  to  make  said  necessary  renewals  and  repairs,  then  said  V 
Company  shall  have  the  right  to  make   such   renewals   and   repairs,   and 
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said  X  Company,  upon  presentation  of  the  proper  bills  therefor,  will 
pay    its   proportion   of   the    amount    so    expended." 

Mr.  Rhea : — I  think  there  is  a  point  here  that  is  not  covered  in 
our  conclusions.  That  is  rather  an  unusual  provision  in  interlocking 
agreements  as  they  exist  to-day.  There  has  been  a  great  deal  of 
trouble  caused  by  one  road  not  properly  maintaining  interlocking,  in 
not  only  endangering  its  own  trafiic,  but  endangering  the  traffic  of  the 
other  interested  parties.  There  were  quite  a  number  of  suggestions 
made  as  to  how  it  should  be  covered.  We  think  this  is  one  of  the 
best  ways  to  cover  it,  although  we  are  not  exactly  sure  it  is  the  best. 
It  is  a  good  way,  but  I  would  like  to  call  your  attention  to  that 
point,  as  it  is  an  unusual  provision  in  existing  interlocking  agreements. 
As  far  as  I  know  there  are  very  few,  and  they  are  very  exceptional 
cases,  where  that  is  provided.  I  do  not  think  I  know  more  than 
about  three  cases  in  all  my  experience  where  that  has  been  provided. 
One  came  up  and  the  Committee  decided  that  we,  in  formulating  this 
sample  agreement,  at  least  call  attention  to  it,  as  we  think  it  is  a 
very  essential  point. 

Mr.  L.  S.  Rose  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — I 
think  this  point  will  cause  a  lot  of  trouble.  There  is  a  difference  of 
opinion  among  signalmen  as  to  what  is  good  practice ;  what  stands 
on  one  road  will  not  stand  on.  another.  If  the  Committee  will  incor- 
porate somewhere  in  this  contract  that  the  standards  of  the  Railway 
Signal  Association  or  of  this  Association  would  be  sufficient  for  either 
road,  there  would  be  some  place  to  draw  the  line,  but  my  experience 
has  been  that  what  we  think  is  good  practice  and  safe  might  not 
suit  our  neighbors.  Under  this  system  they  might  tamper  with  the 
interlocking. 

Mr.  Rhea : — I  think  the  Committee  have  particularly  fortified  them- 
selves on  that  point..  This  is  not  a  case  of  change  of  standards  or 
anything  of  the  kind.  That  is  thoroughly  covered  in  article  4.  It  is 
simply  a  question  of  the  maintenance  of  your  existing  apparatus,  and 
when  you  have  accepted  a  plant,  you  have  tied  yourself  up  to  pay  for 
all  improvements  that  your  changes  of  standards  in  the  future  may 
require.  That  is  covered  by  article  4,  and  it  is  so  intended.  This  is 
purely  and  strictly  a  case  of  proper  maintenance  of  your  existing 
apparatus,  that  they  shall  be  safe  for  the  operation  of  your  railroad. 
If  you  do  not  renew  your  foundations  or  have  a  detector  bar  that  is 
partly  missing  or  similar  conditions,  it  is  the  obligation  of  the  main- 
taining company  to  replace  and  keep  the  plant  as  it  previously  existed, 
keep  it  in  safe  condition,  because  the  purpose  of  this  report  is  to 
maintain  it  in  that  condition.  It  is  not  to  make  provisions  for  changes 
or  for  standards  of  erection,  which  is  also  covered  by  a  previous 
paragraph  which  gives  each  road  interested  the  right  to  approve  the 
specifications   and   plans   before   the   plant    is    constructed. 

Mr.  L.  C.  Fritch : — The  Committee  has  further  safeguarded  this 
point  by  introducing  an  arbitration  clause.     If  there   is  any  question  as 
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to  the  rights  of  the  respective  parties  it  can  be  submitted  to  arbitra- 
tion. It  seems  to  me  this  clause  is  covered  very  well  by  existing 
agreements.  There  is  always  protection  in  the  use  of  trackage  by  the 
agreements.  If  the  tracks  are  not  in  safe  condition  the  second  party 
usually  has  the  right  to  make  such  repairs  and  charge  the  first  party 
with  its  proportion  of  the  expense. 

(Mr.  Rhea : — I  might  say  that  Mr.  Fritch  has  made  a  very  good 
point  and  the  Committee  merely  took  advantage  of  precedence  in  the 
line  that  Mr.  Fritch  spoke  about.  We  have  ample  precedence  in  other 
forms  of  agreements   for  what  we  have   done  here. 

Mr.  John  V.  Hanna  (Kansas  City  Terminal)  : — Before  we  pass 
on  from  here  I  would  like  to  make  a  suggestion,  that  in  providing 
for  payment  of  bills  a  time  limit  should  be  inserted.  I  think  it  would 
be  advisable  in  the  contract  to  .say  within  a  certain  time,  thirty  or 
sixty  days,  and  also  that  the  word  "shall"  is  preferable  to  "will"  in 
that  connection.  "Shall"  would  be  mandatory;  the  word  "will"  simply 
indicates  it  may  be  done  at  some  indefinite  time. 

The  President : — The  chair  assumes  that  this  general  contract  will 
be  brought  into  line  with  the  phraseology,  as  far  as  possible,  of  the 
Committee   on   Uniform    General    Contract    Forms. 

The  Secretary : — "Sixth — The  operation  of  said  interlocking  plant 
shall  be  under  the  sole  charge  and  control  of  said  X  Company,  and  it 
shall  employ  competent  persons  to  operate  the  same,  and  such  persons 
from  time  to  time  so  employed  shall  be  considered  as  joint  employes 
of  the  parties  hereto  and  shall  be  removed  for  good  and  sufficient 
reasons  upon  request  in  writing  of  the  general  managing  officer  of  the 
said  Y  Company ;  and  it  is  further  mutually  understood  that  either 
Company  may  use  the  signalmen  in  its  telegraph  or  telephone  service; 
but  in  event  additional  expense  is  so  incurred,  on  account  of  increased 
wages  of  operators  over  levermen,  the  Company  using  the  operators 
in   its   service   shall   bear    the  additional   expense." 

Mr.  Rhea : — I  would  like  to  call  your  attention  to  two  points  here, 
which  are  not  principles  involved  in  our  conclusions.  The  first  is  that 
we  have  made  it  read  "the  general  managing  officer."  There  have 
been  entailed  hardships  in  a  few  instances  by  one  road  insisting  on 
the  discharge  of  operators,  whereas  if  that  had  had  to  go  through 
the  general  managing  officer  it  would  probably  never  have  happened. 
The  other  point  is  that  we  provide  for  one  road  using  the  employes 
in  additional  service,  and  in  event  of  that  service  costing  more,  the 
road  getting  the  benefit  of  it  should  take  the  burden  of  additional 
expense.  In  quite  a  number  of  cases  that  has  caused  trouble.  I 
simply  call  your  attention  to  these  points  which  we  have  here  incor- 
porated. 

The  Secretary  : — "Seventh — The  salaries  of  employes  connected  with 
maintenance,  renewal  and  operation  of  the  interlocking  plant  shall  be 
the  same  as  the  standard  salaries  paid  by  the  X  Company  for  similar 
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service  to  its  other  employes  in  the  territory  of  the  said  X  Company's 
Division." 

Mr.  Rhea : — That  is  anotlier  provision  which  has  not  been  general. 
I  do  not  know  that  we  have  very  much  precedent  for  adopting  this, 
as  in  the  case  of  paragraph  5,  but  I  have  known  quite  a  number  of 
cases  where  that  has  been  a  very  fruitful  source  of  misunderstanding 
as  to  the  salaries  to  be  paid.  I  think  that  the  railroads  are  usuallj', 
to  a  very  great  extent,  getting  to  a  basis  of  what  you  can  term 
standard  wages  for  their  particular  territories.  This  I  think  ties  it 
down  and  makes  it  equitable  to  the  parties  interested.  I  have  had 
personal  experience  with  roads  that  have  deliberately  held  up  increases 
which  were  as  much,  if  not  more,  necessitated  by  their  requirements 
than  the  road  having  actual  charge  of  the  plant.  These,  of  course, 
and  all  other  possible  sources  of  difficulty,  can  be  arbitrated  under 
the  arbitration  clause,  but  it  is  a  good  deal  better  and  will  eliminate 
trouble  if  you  have  those  points  explicitly  covered. 

The  Secretary  : — "Eighth — The  payment  of  all  bills  under  this  agree- 
ment shall  be  made  not  later  than  the  twenty-fifth  day  of  the  month 
following  the  month  in  which  said  bills  are  rendered.  The  bill  for 
expense  of  construction  shall  be  made  as  a  final  bill,  unless  otherv/ise 
mutually  agreed  and  understood.  In  the  event  that  partial  bills  for 
expense  of  construction  are  rendered,  each  such  partial  bill  shall  not 
only  show  fully  the  part  of  the  construction  expense  to  be  paid  by 
such  bill,  but  shall  also  include  a  statement  of  all  construction  ex- 
pense which  has  been  covered  by  any  partial  bills  which  may  have 
•been  rendered   and   paid   previously." 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — I  want  to  call 
attention  to  the  fact  that  any  provision  requiring  the  payment  of  bills 
on  the  twenty-fifth  day  of  the  month  following  is  not  a  provision  which 
can  be  carried  out  in  all  instances.  I  have  knowledge  of  conditions 
under  which  that  could  not  be  complied  with.  I  would  suggest  to  the 
Committee  that  they  substitute   "within  a  reasonable  time." 

Mr.  Rhea: — The  wording  of  that  paragraph  is  that  the  payment 
of  all  bills  under  this  agreement  shall  be  made  not  later  than  the 
tvyenty-fifth  day  of  the  month  following  the  month  in  which  said  bills 
are  rendered.  That  gives  you  about  fifty-five  days,  in  some  cases.  In 
other  words,  it  takes  you  past  the  rush  period  in  one  month.  If  it  is 
rendered  the  last  day,  you  have  at  least  twenty-five  days  to  pay  your 
bills.  It  is  not  the  twenty-fifth  day  of  the  month  rendered,  but  the 
twenty-fifth  day  of  the  following  month,  which  seemed  to  us  a  suffi- 
ciently reasonable  time.  I  would  like  to  call  your  attention  to  another 
paragraph,  for  which  Mr.  Peabody  is  largely  responsible,  but  with 
which  I  fully  agree,  that  bills  for  the  expense  of  the  construction  shall 
be  made  as  final  bills.  That  is  rather  an  unusual  suggestion,  but  I 
have  experienced  a  good  deal  of  trouble  in  having  partial  bills  checked 
and  I  resorted  some  time  past,  in  cases  where  I  anticipated  having 
trouble,   to   making  a  final  bill,   and   I  got   out   of  it   with   a   good  deal 
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less  trouble  and  expense  than  if  I  had  saved  the  per  cent,  on  the 
money  during  the  interval.  The  constructing  company  is  allowed  a 
percentage  as  a  general  practice,  and  that  percentage,  in  our  opinion, 
is  sufficient  to  enable  them  to  hold  those  bills  in  suspense  until  they 
are  able  to  handle  it.  in  this  way.  If  thej'  were  so  slow  in  building  a 
machine  that  it  takes  a  couple  of  years,  it  is  probably  their  fault  and 
not  the  fault  of  the  other  parties :  but  the  party  checking  the  bill  is 
put  in  much  better  position  if  given  a  final  bill,  or  is  given,  in  partial 
bills,  a  complete  statement  up  to  that  date.  If  you  undertake  to  check 
up  a  few  interlocking  bills,  I  think  you  will  appreciate  the  force  of 
this  suggestion. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — There  is  another  sugges- 
tion in  connection  with  the  payment  of  these  bills.  I  think  the  time 
allowed  is  sufficient  under  ordinary  circumstances,  but  we  have  all 
been  troubled  by  the  custom  of  delaying  the  payment  of  a  bill  on 
account  of  probably  one  or  two  disputed  items,  and  I  have  known  such 
delay  to  be  claimed  as  causing  breach  of  contract.  I  have  made  it  a 
custom  recently  to  provide  that  bills  should  be  paid  before  a  certain 
date,  unless  there  are  disputed  items,  under  which  circumstances  the 
disputed  items  are  to  be  withheld  and  the  remainder  of  bill  paid  on 
day  specified. 

The  Secretary: — "Ninth — In  making  bills  for  the  cost  and  expense 
of  construction,  renewing  and  maintaining  said  interlocking  plant,  all 
labor  and  material  shall  be  charged  for  at  actual  cost,  plus  . .  per 
cent,  added  to  material  and  . .  per  cent,  to  labor  for  handling,  super- 
intendence, use  of  tools  and   accounting. 

"The  labor  for  the  operation  of  said  plant  shall  be  charged  for  at 
its  actual  cost,  without  the  addition  of  any  percentage. 

"Note. — Your  attention  is  called  to  the  fact  that  no  provision  is 
made  for  the  $s  monthly  charge,  provided  for  in  the  rules  of  the  Gen- 
eral Managers'  Association  of  Chicago.  Your  Committee  feels  that 
this  charge  should  be  discontinued,  for  the  reason  that  this  is  an  or- 
ganization   charge." 

Mr.  Rhea : — There  is  possibly  a  principle  involved.  We  have  had 
some  criticism  on  this  paragraph  by  some  legal  people  and  they 
doubted  the  advisability  of  putting  that  paragraph  in.  Personally  we 
think  it  should  go  in.  Their  objection  to  it  is  that  there  are  local 
arrangements — for  instance  the  Chicago  General  Managers'  Associa- 
tion may  have  one  set  of  rules,  and  some  other  local  association  or 
territory  may  have  another,  and  they  objected  to  it  largely  on  that 
ground.  We  do  not  think  the  objection  is  good;  therefore,  we  put 
it  in. 

The  Secretary : — "Tenth — Each  of  the  parties  hereto  will,  without 
cost  to  the  other,  furnish  and  install  its  own  derails,  switch  rods, 
special  switch  and  derail  timbers,  insulated  track  joints,  cross-arms, 
pins  and  insulators,  and  will  renew  and  maintain  them  from  time  to 
time  thereafter;    likewise,    without   cost   to   the    other   party,    do   all    the 
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trackwork  and  grading  along  its  own  tracks  necessary  to  prepare  the 
same  for  the  installation  of  said  interlocking  plant,  and  will  also  pro- 
vide   and   maintain    proper    drainage    upon    its    right-of-way. 

"Eleventh — Each  of  the  parties  hereto  will  at  its  own  expense  keep 
all  switches  and  derails  in  its  own  tracks  free  from  ice,  snow,  dirt  or 
other  obstructions  which  may  interfere  in  any  way  with  the  proper 
working  of  said  interlocking  plant,  and  in  case  either  party  fails  so  to 
do,  the  other  party  shall  have  the  right  to  enter  upon  the  premises  of 
the  party  at  fault  and  remove  such  ice,  snow,  dirt  or  other  obstructions, 
in  which  event  the  party  at  fault  shall  reimburse  the  party  doing  such 
work  for  all  expense  thereby  incurred,  plus  . .  per  cent,  to  cover  super- 
intendence,'  use   of  tools   and   accounting. 

"Twelfth — Each  party  hereto  shall  pay  for  all  loss,  damage  and  ex- 
pense caused  by  its  separate  agents  or  employes,  either  to  the  inter- 
locking plant,  to  the  property  of  the  other  party,  or  to  others  not 
parties    to    this    agreement. 

"All  -loss,  damage  and  expense  caused  by  the  individual  negligence 
of  employes  connected  with  the  construction,  renewal,  maintenance  or 
operation  of  the  interlocking  plant,  or  by  the  combined  negligence  of 
such  parties  hereto,  or  by  failure  of  any  part  of  the  interlocking  plant, 
shall  be  borne  and  paid  for  by  the  party  hereto  that  may  be  using  the 
interlocking  plant  at  the  time  such  loss,  damage  and  expense  occurs, 
and,  if  same  shall  occur  while  the  trains  of  both  of  the  parties  hereto 
are  at  the  crossing,  or  shall  be  caused  by  the  combined  negligence  of 
the  separate  employes  of  the  parties  hereto,  each  party  therein  in- 
volved shall  hear  and  pay  for  all  loss,  damage  and  expense  caused  to 
its  own  property,  or  to  persons  or  property  in  its  charge ;  all  other  loss, 
damage  and  expense  caused  as  above  shall  be  borne  and  paid  for 
equally  by  the  parties  therein  involved. 

"Thirteenth — It  is  further  distinctly  understood  and  agreed  that 
any  and  all  agreements  relative  to  said  crossing  existing  between  the 
parties  hereto,  or  their  predecessors,  so  far  as  they  conflict,  or  are 
inconsistent  with  the  terms  and  provisions  of  this  agreement,  are  hereby 
annulled,   but  in   all  other   respects   shall  continue   in  force   and   virtue." 

Mr.  L.  C.  Fritch : — I  want  to  ask  the  Committee  if  they  had  legal 
advice  on  the  liability  clause? 

Mr.  Rhea: — Yes,  sir;  we  consulted  legal  advice  rather  extensively. 
We  do  not  wish  to  assume  at  all  as  being  understood  as  having  formu- 
lated that  clause.  We  did,  however,  compare  quite  a  number  of 
liability  clauses.  We  considered  this  to  be  about  as  near  English  as 
we  engineers  could  understand  and  cover  the  situation  in  legal 
language.  I  am  free  to  say  that  every  time  I  look  at  it  I  have  to 
read  it  about  four  times  to  finally  recollect  the  points  involved  and  get 
them  in  the  order  in  which*  they  should  come. 

Mr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific)  : — I  would  like 
to  ask  the  signal  engineers  if  they  have  considered  the  question  of 
freight   charges.    The   lawyers   are   construing   that   differently,   there   is 
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nothing  said  here  as  to  how  freight  charges  shall  be  paid.  For  in- 
stance, a  road  might,  at  tariflf  rates,  haul  material  long  distances  that 
would  add  materially  to  the  cost  of  a  plant,  whereas,  if  the  other  side 
were  given  a  chance  to  furnish  material,  it  would  be  hauled  a  shorter 
distance  and  the  freight  charges  would  be  less.  It  seems  to  me  we 
ought  to  have  something  in  this  contract  that  would  stipulate  how 
freight  charges   should   be   paid. 

Mr.  L.  C.  Fritch : — I  am  not  quite  satisfied  with  the  liability 
clause.  The  matter  is  all  there,  but  the  arrangement  of  it  is  not,  to 
my  mind,  as  clear  as  it  ought  to  be.  It  is  usual  to  divide  liability 
clauses  into  three  parts:  First,  individual  liability;  second,  joint  lia- 
bility, and,  third,  what  you  might  call  the  common  liability.  That  can 
be  defined,  it  seems  to  me,  in  a  little  better  way  and  divided  into  three 
classes.  Standard  contract  liability  clauses  are  usually  divided  in  that 
way,  and  I  would  like  to  suggest  to  the  Committee  that  they  see  if 
they  cannot  further  modify  or  change  the  wording  so  as  to  make  it 
a  little  clearer. 

Mr.  Rhea : — We  will  undertake  it.  I  am  a  little  doubtful  as  to 
our  ability. 

The  Secretary: — "Fourteenth — Should  any  dispute  arise  between  the 
parties  to  this  agreement  concerning  obligations  or  rights  of  either 
of  them  hereunder,  the  same  shall  be  referred  to  a  board  of  three 
arbitrators,  one  to  be  chosen  by  each  party  hereto  and  the  third  by  the 
two  so  chosen.  If  either  party  shall  fail  to  appoint  its  arbitrator  within 
fifteen  (15)  days  after  the  party  desiring  arbitration  has  appointed 
its  arbitrator,  and  given  written  notice  to  the  other  of  such  appoint- 
ment and  of  the  matter  proposed  to  be  arbitrated,  then  the  arbitrator 
so  appointed  shall  appoint  an  arbitrator  for  the  defaulting  party  and 
the  two  so  appointed  shall  appoint  the  third  to  complete  the  board  as 
above  provided,  and  said  board  so  appointed  shall  hear  and  decide  the 
dispute,  and  assess  the  expenses  of  arbitration.  The  decision  of  said 
arbitrators  chosen  in  either  of  said  ways,  or  that  of  a  majority  of 
them,  shall  be  final  and  conclusive  between  the  parties  upon  the  matters 
concerning  which  arbitration   was   demanded." 

Mr.  L.  C.  Fritch : — There  are  many  cases  in  which  a  single  arbi- 
trator might  serve  as  well  as  three,  and  that  additional  provision 
ought  to  be  put  in ;  whereas,  if  a  single  arbitrator  can  be  selected 
mutually  satisfactory  to  the  parties,  that  ought  to  be  done.  Some- 
times it  is  quite  expensive  to  arbitrate  a  matter  where  you  have  a 
board   of   three    arbitrators. 

The  Secretary: — "Fifteenth — The  provisions  of  this  agreement  shall 
be  binding  upon  and  inure  to  the  benefit  of  the  parties  hereto,  their 
successors,  lessees  and  assigns. 

"In  Testimony  Whereof,  the  parties  have  caused  these  presents 
to  be  executed  in  duplicate  by  their  respective  proper  officers  as  of  the 
day  and  year  first  above  written." 

Mr.   A.    S.    Baldwin : — Following   the    line   of   suggestions    made    by 
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Mr.  Berry,  I  think  there  should  be  some  provision  that  would  protect 
one  company  against  excessive  charges  on  the  part  of  the  other, 
whether  for  freight,  carriage  or  handling,  or  anything  else,  and  I 
would  suggest  a  clause  providing  that  the  connecting  line  should  have 
the  privilege  of  furnishing  material  if  it  should  desire  to  do  so,  or 
that  the  prices  be  made  on  such  a  hasis  so  that  either  company  could 
deliver  the  material.  We  have  all  had  experience  with  excessive 
prices.  Many  of  us  have  known  of  cases  where  material  has  been 
delivered  at  prices  in  excess  of  what  they  could  have  been  delivered 
for. 

The  President : — The  Committee  will  consider  the  suggestions 
made  and  give  them   due   consideration. 

Mr.  L.'  C.  Fritch : — I  move  that  the  report  of  tlic  Committee  re- 
lating to  the  contract  be  accepted  as  a  progress  report,  and  that  the  Com- 
mittee be  instructed  to  confer  with  the  Committee  on  Uniform  General 
Contract    Forms    in    the    matter    of    drafting   a    complete    contract. 

Mr.  S.  S.  Roberts  (University  of  Illinois)  : — In  regard  to  the 
preamble,  I  think  that  should  be  made  more  definite.  It  should  give, 
in  addition  to  the  date  of  execution,  the  place  at  which  the  contract 
is  signed,  and  space  should  be  left  after  the  name  of  the  company 
for  stating  whether  it  is  a  corporate  or  a  private  company;  and  also 
space  should  be  left  for  giving  the  correct  headquarters  or  addresses 
of  the   parties   to   the   contract. 

Mr.  Rhea: — You  will  leave  us  rather  adrift  if  you  do  not  give  us 
a  definite  expression  of  opinion  upon  what  we  think  are  the  essential 
things. 

Mr.  Rose : — I  would  like  to  suggest  that  paragraph  13  be  printed 
in    boldface    type. 

The  President : — Mr.  Fritch's  motion  is  that  this  part  of  the  report 
be  referred  back  to  the  Committee  with  instructions  to  confer  with 
the    Committee   on   Uniform    General    Contract   Forms. 

(Motion  carried.) 

The  Secretary: — "Conclusions — (i)  That  existing  agreements 
should  be  given  due  consideration  in  the  form  of  arbitraries  in  the 
division   of  construction,    renewal,    maintenance    and   operating   expenses. 

"(2)  That  the  proper  division  of  construction,  renewal  and  main- 
tenance expenses  is  on  an  operated-unit  basis,  each  party  paying  for 
what  is  required  to  interlock  its  tracks,  or  the  residue,  where  there 
are  existing   agreements    requiring   fixed    arbitraries. 

"(3)  The  primary  operating  expense,  or  the  residue  after  deduct- 
ing such  arbitraries  as  may  be  required  by  existing  agreements,  should 
be  equally  divided  among  the  several  parties  interested.  Where  oper- 
ating expenses  are  increased  by  facilities  for  the  exclusive  use  of  one 
party,  such  party  for  whose  benefit  such  facilities  are  provided  should 
pay   the   entire   additional    operating   expense." 

Mr.  ]\lcDonald : — I  move  that  conclusion  3  expresses  the  views  of 
this   Association. 
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Mr.  Ewing: — I  would  amend  that  motion  by  having  "and  operat- 
ing" expense  follow  the  expense  of  maintenance  and  operation  on  the 
same   division,    as   operated-units. 

The   President: — Will  you   repeat  the  motion,  iMr.   Ewing? 

Mr.  Ewing: — I  wish  to  include  the  words  '"and  operating"  in  con- 
nection with  expenses.  My  motion  is  to  eliminate  conclusion  3  and 
substitute  therefor  the  addition  in  conclusion  2,  "to  include  operating 
expense."  Conclusion  2  would  then  read :  "That  the  proper  division  of 
construction,  renewal,  maintenance  and  operating  expenses  is  on  an 
operated-unit  basis,  each  party  paying  for  what  is  required  to  inter- 
lock its  tracks,  or  the  residue,  where  there  are  existing  agreements 
requiring  fixed  arbitraries."  I  make  that  motion  for  this  reason — in 
these  days  of  adverse  legislation  we  may  be  called  upon  at  times  to 
allow  another  railroad,  a  competing  railroad,  to  make  a  connection 
with  an  existing  railroad,  perhaps  making  a  crossing  over  the  rail- 
road. Under  the  terms  as  outlined  in  conclusion  3  we  are  forced  to 
agree  to  an  interlocking  plant  at  that  junction  against  our  will,  and 
at  the  same  time  we  agree  to  pay  one-half  the  cost  of  that  plant.  I 
believe  that  the  conclusion  is  a  little  too  far-reaching  and  for  rhat 
reason  J  suggest  the  elimination  of  it. 

Mr.  McDonald : — Mr.  Ewing's  motion  is  pertinent  to  what  I  had 
in  mind^I  simply  wanted  to  bring  out  the  fact  that  the  Committee 
is  proceeding  along  proper  lines.  Mr.  Ewing's  motion  is  to  the  effect 
that  this  should  not  be  made  to  apply  to  anything  except  existing 
crossings. 

M'r.   Ewing  : — Operated   crossings. 

Mr.  Rhea : — As  I  understand  Mr.  .McDonald's  proposition,  he  en- 
dorses the  three  conclusions  of  the  Committee.  Mr.  Ewing's  motion 
is  diametrically  opposite  and  puts  the  operating  expense  into  the  other 
typical  division  of  being  on  an  operated-unit  basis — very  radically  dif- 
ferent.    That   is   the   point  of  the   whole   situation. 

Mr.  McDonald : — Would  it  not  bring  out  the  desire  of  the  Com- 
mittee to  have  niv  motion  withdrawn  and  take  up  the  conclusions  in 
their    order? 

The    President : — The    chair   so   orders. 

Mr.  Rhea: — I   move  that  conclusion    i   be   adopted. 

Mr.  Wendt : — There  is  no  intention  of  printing  that  in  the  Manual  ? 

Mr.    Rhea : — Not    yet. 

Mr.  W.  H.  Elliott  (New  York  Central)  :— I  ask  Mr.  Rhea  under 
what  head  he  would  divide  the  matter  of  supplies — would  it  not  be 
well  to  insert  the  word  "supplies"  after  "maintenance?"  There  is 
often  a  question  as  to  how  the  cost  of  supplies  should  be  divided,  and 
it   would   be   well   to  have   it    stated    in   the    agreement. 

iMr.  Rhea : — I  think  the  Committee  would  be  willing  to  make  an 
amendment  that  would  give  due  consideration  to  all  expenses  involved 
in  the  crossing.  Our  purpose  is  not  to  abrogate  existing  agreements, 
but   that    existing   agreements    shall   continue    in    force,    and    a   company 
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that  has  the  advantage  of  an  existing  agreement  will  continue  to  have 
it  under  the  changed  conditions.  That  is  the  purpose  and  intent  of 
this  conclusion. 

The  President : — The  Association  will  understand  that  this  discus- 
sion is  entirely  for  the  information  of  the  Committee — we  are  talking 
now  of  a  progress  report.  All  in  favor  of  the  adoption  of  conclusion 
I   will  say  aye. 

(Conclusion    adopted.) 

Mr.  Rhea : — I  move  the  adoption  of  conclusion  2. 

Mr.  A.  S.  Baldwin : — I  call  attention  to  the  fact  that  conclusion  2, 
as  written,  might  be  construed  by  the  courts  to  apply  to  new  cross- 
ings about,  to  be  constructed,  and  I  think  it  would  be  well  to  insert 
the  following — "that  with  existing  crossings,  where  no  previous  agree- 
ments are  in  force,  the  proper  division  of  construction,  renewal  and 
maintenance   expense    is   on   an  operated-unit  basis,"    etc. 

Mr.  Rhea : — The  Committee  is  willing  to  accept  the  amendment 
for  the  reason  we  do  not  believe  any  recommendation  that  we  make 
will  very  largely  influence  the  negotiators  in  coming  situations  from 
getting  all  the  advantage  of  their  tactical  positions.  I  am  perfectly 
willing  to  accept  the  amendment. 

Mr.  Baldwin's  amendment  would  make  Ihe  conclusion  read :  "That, 
with  existing  crossings,  where  no  previous  agreements  are  in  force, 
the  proper  division  of  construction,  renewal  and  maintenance  expenses 
is  on  an  operated-unit  basis,  each  party  paying  for  what  is  required  to 
interlock  its  tracks — and  that  would  entail  the  elimination  of  the  last 
clause  which  reads :  "Where  there  are  existing  agreements  requiring 
fixed  arbitraries." 

I  will  say  that  we  did  not  accept  that  particular  amendment.  That 
is  not  what  it  started  out  to  be.  The  purpose  of  that  conclusion  is 
that  we  want  to  divide  nothing  else  bearing  on  the  subject  of  ex- 
pense of  construction,  renewal  and  maintenance  on  an  operated-unit 
basis.  If  there  are  any  existing  agreements  they  will  have  due  effect; 
the  company  being  obligated  by  them  will  continue  to  be  affected  by  an 
equal  expense  in  the  future.  I  am  willing  to  accept  an  amendment 
that  may  be  worded  in  harmony  with  that  sense,  but  I  am  not  willing 
to  accept  any  amendment  that  will  eliminate  the  sense  of  conclusion    i. 

Mr.  L.  C.  Fritch : — I  suggest  that  there  be  inserted  these  words : 
"That,  in  the  absence  of  existing  agreements  to  the  contrary,  the 
proper  division  of  construction,  renewal  and  maintenance  expenses  be 
upon    an    operated-unit    basis,    etc." 

Mr.  Rhea : — That  is  satisfactory.  I  move  that  it  be  adopted  in  this 
form :  "That,  in  the  absence  of  existing  agreements,  requiring  fixed 
arbitraries  to  the  contrary,  the  proper  division  of  construction,  re- 
newal and  maintenance  expenses  be  on  an  operated-unit  basis,  each 
party  paying  for  what  is  required  to  interlock  its  tracks."  I  would 
eliminate  all  the  matter  in  the  conclusion  after  the  word  "tracks." 

Mr.  A.   S.   Baldwin: — I   still   would   like  to   have  in  there   my  first 
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suggestion,  "that  with  existing  crossings."  That  could  still  be  con- 
strued, I  think,  to  apply,  if  the  court  should  show  a  desire  to  do  so, 
as  a  suggestion  from  this  Committee  as  to  how  new  crossings  are  to 
be  paid   for. 

Mr.  Ewing: — It  seems  we  are  a  little  bit  at  sea  in  this  matter. 
I  do  not  understand  that  the  Committee  has  covered  the  matt^^r  of 
crossings  at  all  in  this  conclusion.  Under  an  operated-unit  basis  each 
party  pays  for  what  is  required  to  interlock  its  tracks.  The  road  that 
has  prior  rights,  has  no  business  to  interlock  its  own  tracks  for  the 
accommodation    of    another    railroad. 

Mr.  Rhea: — The  intention  of  conclusion  i  is  to  protect  you  now 
and    in   the    future. 

The    President: — Mr.    Baldwin,    have    you    an    amendment    to    offer? 

Mr.   Baldwin  : — I   have. 

Mr.  Rhea: — This  is  a  rewording  of  Mr.  Baldwin's  previous  motion 
as  to  conclusion  2 :  "That  the  proper  division  of  construction,  renewal 
and  maintenance  expenses  is  on  an  operated-unit  basis,  each  party 
paying  for  what  is  required  to  interlock  its  tracks,  or  the  residue," 
and  then  eliminate  "where  there  are  existing  agreements  requiring 
fixed   arbitraries"  in  the  last  two  lines. 

Mr.  A.  S.  Baldwin: — I  wish  the  words,  "that  with  existing  cross- 
ings," in  there.     I  do  not  want  it  to  be  so  open. 

Mr.  Rhea: — There  are  other  things  besides  existing  crossings.  It 
may  be  a  junction,  not  necessarily  a  crossing,  other  things  to  interlock 
besides  crossings.  I  think  we  might  want  to  make  it  a  little  broader 
than   that.     Would    "existing    situations"    suit   you? 

The    President: — Does    that    meet    your   views,    Mr.    Baldwin? 

Mr.  A.   S.   Baldwin : — I   think   "existing  situations"  will   cover   it. 

The  President : — You  have  heard  Mr.  Rhea's  motion,  which  has 
been   duly  seconded. 

(Motion    carried.) 

Mr.  Ewing: — I  move  the  elimination  of  conclusion  3,  and  to  insert 
in  conclusion  2  the  words  "and  operating"  after  the  word  "mainte- 
nance" in  the  second  line  of  conclusion  2. 

Mr.  L.  C.  Fritch : — I  am  opposed  to  that  motion,  for  the  reason 
that  conclusion  3  covers  one  of  the  difficulties  that  we  have  in  inter- 
locking contracts.  The  strong  line  may  have  a  necessity  for  addi- 
tional men  in  the  tower,  and  that  amendment  will  burden  the  weak 
line  with  that  expense,  which  I  think  is  unfair.  A  contract  that  is 
not  fair  should  not  be  made.  It  seems  to  me  that  it  is  a  protection 
to    the  weak  line. 

Mr.  Ewing : — An  advantage,  as  I  see  it,  of  an  interlocking  plant 
to  any  road  is  the  proportion  of  operated-units,  credited  as  exclusive 
benefits,  to  that  railroad.  If  we  are  forced  at  any  time  to  put  in  a 
junction  or  a  crossing  against  our  will,  it  would  be  a  distinct  hard- 
ship to  require  us  to  pay  one-half  the  cost  of  the  operation  of  that 
crossing  or  junction,   when   we   are  deriving  absolutely  no  benefit    from 
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it.  If  we  are  deriving  benefit  from  a  crossing  or  junction,  according 
to  the  agreement  we  are  required  to  bear  our  proportion  of  the  main- 
tenance, construction,  etc.,  of  that  crossing,  based  on  the  advantages 
we  get,  so  that  to  my  mind  it  is  very  necessary  that  we  should  allow 
the  operating  cost  to  follow  in  the  line  of  the  direct  benefit  that  we 
get. 

Mr.  L.  C.  Fritch : — I  do  not  believe  that  this  Association  should 
lay  down  principles  that  cannot  be  deviated  from.  Now,  any  new  con- 
tract for  an  interlocking  plant,  crossing  another  railroad,  involving  an 
interlocking  plant,  is  a  matter  of  negotiation,  and  the  old  road  usually 
makes  the  best  arrangement  it  can.  Sometimes  the  law  lays  down 
what  procedure  shall  be  followed.  But  in  this  particular  case,  coming 
to  the  point  of  conclusion  3,  you  may  have  a  case  where  in  an  inter- 
locking tower  an  operator  is  required  by  one  of  the  roads  and  not  by 
the  other,  and  it  seems  to  me  that  this  clause  exactly  covers  that 
point  and  is   very  essential. 

Mr.   Rhea: — I   will  read   from   the   report   of  the    Committee: 

"Your  Committee  has  endeavored  to  eliminate  the  relations  of 
its  members  to  their  respective  employing  companies  and  to  consider 
the  subject  as  they  would  if  employed  as  experts.  Assuming  such  a 
position,  no  doubt  many  bases  of  division  might  be  given  an  argu- 
mentative hearing,  but  the  test  which  we  have  considered  as  conclu- 
sive is  as  follows:  The  responsibility  of  all  carriers  in  safeguarding 
and   expediting   traffic." 

We  do  not  want  to  take  a  narrow  view  on  this  proposition. 
Other  public  carriers  have  rights  as  well  as  those  of  the  companies 
which  we  are  representing.  There  is  a  broader  principle  than  the  one 
of  immediate  policy  involved  in  this  division.  The  other  fellow  could 
not  cross  our  track  at  grade  if  the  laws  did  not  permit  him,  and  the 
other  man  has  rights  to  build  his  railroad,  the  same  as  we  had  wlien 
our  railroad  was  built;  so  that  the  Committee  think  they  have  taken 
a  position  wliich  this  Association  can  with  dignity  and  witii  equity 
appear  before  any  railroad  tril)unal  in  the  United  States,  or  any  other 
country,  as  to  the  fairness  of  its  position.  We  all  have  our  responsi- 
bilities, as  is  stated  in  the  report,  in  safeguardiiig  and  expediting 
traffic. 

Our  reason  for  dividing  operating  expenses  on  a  different  basis 
tluui  construction  expenses  is  that  the  real  equity  of  each  situation  is 
that  each  man  pays  for  what  he  really  gets.  We,  as  a  Committee,  did 
not  believe  that  the  division  of  operating  expenses  on  an  operated-unit 
basis  can  be  defended  as  fair  from  any  point  ot  view,  lliat  certainly 
is  my  personal  belief,  and  1  have  had  ;ii)out  twelve  and  a  inlf  years' 
experience  in  negotiating  agreements,  and  durintj  ihat  time  I  knew  of 
a  good  many  dififercnt  arrangements  being  tried  as  to  the  division  of 
operating  expenses,  and  then  later,  following  these  agreements  out  in 
their  working,  I  have  been  satisfied  for  quite  awhile  that  the  fair  and 
equitable   way    of   dividing    operating   expenses    is    as    to    the    number   of 


SIGNALING    AND    INTERLOCKING.  227 

parties  interested  irrespective  of  operated-units  or  traffic.  Your  oper- 
ated-units, both  for  construction,  renewal  and  maintenance,  are  di- 
rectly affected  just  as  to  what  you  get.  That  is  a  matter  which  you 
can  control.  You  can  increase  or  decrease.  With  operating  expenses, 
you  can  have  very  little  influence  in  trimming  them.  You  will  pay 
about  so  much  to  operate  a  situation  whether  you  have  24  operated- 
units   or  48   operated-units. 

The  paragraph  in  the  latter  part  of  conclusion  3  I  think  is  emi- 
nently fair  and  I  thiniv  is  something  which  has  provoked  probably  as 
much  misunderstanding  in  interlocking  situations  throughout  the  coun- 
try as  any  other  one  subject — one  road  trying  to  get  the  best  of 
another,  or  get  something  for  nothing,  in  plain  English,  and  there  have 
been  a  great  many  cases  of  that  kind,  and  a  great  many  cases  where 
it  has  succeeded  because  agreements  in  some  cases  were  worded  pur- 
posely  to    take   undue    advantage. 

The  intention  of  this  Committee  is  to  put  themselves  in  a  position 
where  they  can  appear  before  any  railroad  company  as  representing 
another,  or  that  they  can  appear  before  any  railroad  tribunal,  what- 
ever it  may  be.  I.  am  perfectly  satisfied  to  appear  before  any  railroad 
tribunal  in  this  country  as  to  the  fairness  of  this  division  of  operating 
expense,  because  I  firmly  believe,  from  the  years  of  experience  I 
have  had,  it  is  a   fair  and  equitable  arrangement. 

iMr.  Ewing: — I  entirely  agree  with  what  Mr.  Rhea  has  said  as  to 
the  division  of  costs  on  an  operated-unit  basis.  We  have  a  number  of 
agreements  on  a  lever  basis,  which  is  rather  unfair,  in  view  of  the 
fact  that  some  roads  which  want  to  be  economical  put  three  or  four 
operated-units  on  one  lever,  when  they  should  not  be  placed  there, 
so  that   the   operated-units,   I   agree,   is   a   fair  basis. 

Now,  as  to  a  new  junction,  or  new  crossing,  Mr.  Rhea  has  said 
that  we  cannot  prevent  that,  which  is  true.  The  new  road  has  got  to 
accept  conditions  as  it  finds  them.  The  old  road  is  there,  the  new 
one  has  got  to  cross  the  old  road,  or  connect  v/ith  it.  It  puts  in  an 
interlocking  plant.  The  old  road  has  not  received  any  advantage  at 
all.  Now,  what  right  have  we  got  to  say  that  they  should  pay  one- 
half  the  cost  of  operating  that  plant?  It  seems  to  me  that  it  is  not 
a   fair   proposition. 

Mr.  A.  S.  Baldwm : — I  quite  agree  with  the  view  expressed  by  Mr. 
Ewing.  When  a  new  line  is  about  to  be  built,  the  constructors  of  that 
line  have  ample  opportunity  of  investigating  what  will  probably  be  th: 
necessary  fixed  charge  in  connection  with  its  construction,  and  it 
should  be  part  of  the  fixed  charge  that  they  should  have  to  consider 
in  contemplating  construction.  I  see  no  reason  why  a  new  railroad 
should,  as  a  general  rule,  be  allowed  to  settle  a  fixed  charge  on 
another  company  that  could  not  anticipate  it.  At  the  same  time  the 
conditions  are  so  varied  and  the  interests  at  stake  differ  so  very  ma- 
terially, that  I  believe  it  to  be  inadvisalile  for  ihis  Association  to  try 
to  lay  down  a  definite,  fixed  rule  to  govern  all  cases,   and,  therefore,   j 
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believe  a  motion  to  refer  back  this  conclusion  to  the  Committee  should 
carry. 

Mr.  John  R.  Leighty  (Missouri  Pacific)  : — Tliis  rule  will  prevent 
the  interlocking  of  the  crossing  of  a  trunk  line  by  a  spur  line  from 
another  trunk  line,  because  the  owner  of  the  spur  would  not  be  will- 
ing to  pay  one-half  the  operating  expenses  of  the  interlocking  plant, 
and  I  fail  to  see  why  any  distinction  should  be  made  between  the 
maintenance  and  operation  of  the  plant  in  the  division  of  the  ex- 
penses. 

Mr.  W.  H.  Elliott: — I  would  like  to  ask  Mr.  Rhea  how  he  ar- 
rives at  the  conclusion  that  it  is  equitable  for  a  railroad  which  is 
crossed  by  another  railroad  to  be  made  to  pay  50  per  cent,  of  the 
operating  expense — why  should  not  the  road  which  desires  the  cross- 
ing pay  the   entire   expense   of  operation? 

Mr.  Rhea: — As  I  stated  previously,  it  is  assumed  that  existing 
roads  will  take  care  of  this  in  negotiations  of  new  contracts  and 
make  the  best  terms  they  can.  I  am  free  to  say,  from  the  discussion 
which  has  arisen,  that  we  might  have  worded  that  conclusion  some- 
what differently  to  make  our  intent  a  little  more  explicit,  as  to  what 
was  suggested  in  conclusion  2 — it  is  more  particularly  intended  to 
cover  existing  situations.  This  Committee  did  not  feel  it  was  likely 
to  very  much  influence  future  negotiation's ;  it  was  to  lay  down  a 
principle  for  a  division  of  existing  rather  than  future  arrangements, 
but  since  that  question  is  opened,  I  cannot  but  think  if  you  will  take 
a '  broad  view  of  the  matter,  if  you  will  look  at  the  thing  from  the 
standpoint  of  public  policy,  when  you  say  that  the  new  road  must 
assume  all  the  obligations  far  expenses  of  crossings — the'  other  man  is 
building  his  railroad  under  the  right  of  eminent  domain,  as  the  older 
railroad  was  previously  built — the  older  railroad  in  its  charter  as- 
sumed obligations  and  these  obligations  are  continued  after  its  con- 
struction, as  well  as  at  the  time  it  was  built,  and  you  have  no  right 
to  take  the  position  that  you  alone  can  do  business  and  that  the  other 
man  must  be  burdened,  if  he  is  so  unfortunate  as  to  come  along  later, 
by  all  these  common  expenses — I  do  not  think  that  you  can  defend 
that  viewpoint  from  the  standpoint  of  public  policy. 

I  am  not  representing  public  policy,  but  I  think  that  in  present- 
ing a  report  of  this  character  we  have  got  to  give  due  consideration 
to  equity.  The  other  men,  as  I  have  stated,  have  rights  which  we 
have  got  to  recognize — carriers  are  endowed  to  do  business  and  to 
assume  certain  responsibilities,  and  they  have  to  assume  certain  obli- 
gations, and  one  of  the  obligations  you  assume  when  you  take  your 
charter  is  the  obligation  to  permit  other  carriers  to  transact  business 
and  certainly  to  expedite  and  safeguard  traffic. 

Mr.  W.  H.  Elliott : — In  view  of  the  explanation  made  by  Mr. 
Rhea  I  would  like  to  make  an  amendment  to  the  motion  before  the 
house,  that  conclusion  3  be  referred  back  to  the  Committee,  to  be 
reworded    in   accordance    with   iMr.    Rhea's    explanation. 
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In  regard  to  the  equity  of  the  division  of  operating  '  expenses 
whereby  the  initial  road  is  required  to  pay  a  proportion  of  the  operat- 
ing expense,  I  do  not  agree  with  Mr.  Rhea.  A  new  road  is  obtain- 
ing facilities  for  which  the  existing  road  had  to  pay  when  it  first 
bought  its  right-of-way,  and  the  new  road  should  pay  the  entire  ex- 
pense of  operation  of  the  interlocking  plant  required  as  a  result  of  the 
crossing   the   same   as    it   will   pay    for   land,   construction,    etc. 

In  Iowa  a  law  was  passed  that  the  old  road  should  pay  not  only 
one-third  of  maintenance  expenses,  but  one-third  of  cost  of  construc- 
tion. This  the  roads  brought  before  the  courts  and  it  was  decided 
that  the  initial  road  would  have  to  pay  the  entire  expense  of  construc- 
tion, but  I  believe  it  is  still  the  law  that  one-third  of  the  operating 
expense   is   paid    by   the    older    road. 

Mr.  M.  L.  Byers  (Missouri  Pacific)  : — It  seems  to  me  that  the 
first  sentence  of  conclusion  3  is  leading  us  into  some  pretty  deep 
water,  and  I  would  offer  this  amendment  as  a  compromise  between 
the  different  views :  That  the  first  sentence  of  conclusion  3  be  omitted ; 
that  the  second  sentence  read :  "Where  operating  expenses  are  in- 
creased beyond  the  primary  operating  expenses  by  facilities  for  the 
exclusive  use  of  one  party,  such  party  for  whose  benefit  such  facilities 
are   provided   should   pay   the    entire    additional    operating   expense." 

In  other  words,  I  would  suggest  that  we  do  not  pass  on  this 
point  on  which  we  do  not  seem  to  be  able  to  agree  as  to  the  proper 
policy,  or  as   to  its   eft'ect   on   us   from   other  points   of   view. 

The  President : — For  the  benefit  of  members  who  have  come  in 
since  this  discussion  commenced,  the  chair  will  repeat  that  this  dis- 
cussion is  entirely  for  the  information  of  the  Committee  and  not  for 
embodiment    at    the   present    time    in    the    Manual. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — It  seems  to  me  that 
we  can  end  this  discussion  if  the  Committee  will  say  that  these  con- 
clusions refer  only  to  the  class  A  agreements — that  is  the  way  I  read 
the  report,  anyhow.  I  do  not  think  this  has  anything  to  do  with 
classes  B  and  C  at  all,  and  that  being  the  case  the  arguments  that 
have  been  brought  up  are  entirely  foreign  to  the  purpose.  If  the  Com.- 
mittee  says  this  refers  only  to  class  A,  I  do  not  think  there  is  any- 
thing more  to  add. 

Mr.  Rhea : — Classes  A  and  B   probably. 

Mr.  John  V.  Hanna  (Kansas  City  Terminal)  : — It  has  not  been 
altogether  clear  to  me  what  the  Committee  had  :n  mind  in  primary  op- 
erating expenses.  The  members,  in  the  discussion,  have  all  referred  to 
operating  expenses  without  any  distinction.  Will  the  Committee  ex- 
plain that  a  little? 

Mr.  Rhea :— By  primary  expenses  we  meant  simply  the  expenses 
which  would  be  involved  in  ordinarily  operating  an  interlocking  plant. 
If  we  put  up  an  ordinary  grade  crossing  or  junction  interlocking  plant, 
with  the  standards  of  each  road  prevailing,  it  takes  a  certain  definite 
amount  of  men  and   supplies   to  keep  that   interlocking  plant   in   opera- 
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tion.  Now,  then,  if  you  add  a  lot  of  block  instruments  or  other  ap- 
paratus, which  require  higher  salaried  men  to  operate  them  and  more 
supplies,  it  seemed  to  us  that  it  is  thoroughly  clear  that  the  com- 
pany getting  the  benefit  of  that  should  pay  above  what  we  have  termed 
the  primary  expense,  which  means  the  ordinary  expense  incurred  in 
operating   the   ordinary    interlocking  plant. 

Mr.  Hanna : — I  agree  with  that  thoroughly,  but  1  would  like  to 
suggest  that  the  Committee  might,  in  working  over  this  report,  in  draw- 
ing their  conclusions,  find  some  way  of  making  that  more  explicit,  so 
that  any  one  who  picked  up  the  conclusions  and  read  them  would 
know   what   they   had   in   mind. 

The  Pi-esident : — Mr.  Ewing's  motion  is  before  the  house.  Mr. 
Byers'  motion  was  not  seconded.  Mr.  Ewing's  motion  is  to  refer 
conclusion  3  back  to  the  Committee  for  further  consideration,  and 
insert  the  words  "and  operating"  immediately  after  the  word  "main- 
tenance"   in    the    second    line    of    conclusion    2. 

(iMotion  lost.) 

Mr.  Rhea: — I  move  the  adoption  of  conclusion  3  as  it  stands,  with 
the  understanding  that  it  particularly  applies  to  existing  situations.  This 
is  for  the  information  of  the  Committee,  and  that  is  the  point  we  would 
like   to   have    information   on,   as   to   existing   situations. 

Mr.  G.  A.  Mountain  (Canadian  Railway  Company)  : — I  have  much 
pleasure  in  seconding  that.  1  would  go  further  and  say  not  only 
present  conditions,  but  future  conditions.  It  seems  to  me  where  the 
junior  road,  as  it  is  commonly  called,  crosses  the  single  track  of  a 
senior  road,  and  that  road  afterwards  puts  four  tracks  down  and 
adds  additional  appliances,  it  does  not  seem  to  me  fair  or  equitable 
that  the  junior  road  should  he  saddled  with  it.  I  agree  with  the 
views    of    the    Committee,    but    go    further. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  :— I  trust  that  con- 
clusion will  not  be  adopted,  as  it  will  do  injustice  to  many  roads.  It 
conflcts  with  State  laws  in  many  States,  and  ihere  are  cases  where 
traffic  must  be  taken  into  account,  irrespective  of' what  the  Committee 
has  said.  We  have  made  a  number  of  settlements  of  that  kind  our- 
selves, and  if  we  had  not  taken  traffic  into  account  we  would  not  have 
had  any  interlocking  plant  at  all.  There  are  cases  where  a  small  road 
crosses  a  large  road  which  does  tv.'enty  times  the  business  of  the  small 
road.  If  we  insist  that  the  small  road  shall  pay  one-half  the  expense 
of  the  interlocking  plant,  then  we  might  as  weU  give  up  the  idea  of 
having   any   interlocking   plant    at    that   crossing. 

There  are  so  many  features  involved  in  the  adoption  of  the  para- 
graph and  so  many  conflicts  will  be  raised  in  consequence  of  it  if  it  is 
approved  that  we  will  make  a  great  mistake  if  we  adopt  it  at  this 
meeting. 

Mr.  Wendt: — I  move  to  amend  the  motion  by  striking  out  all 
words  after  the  word  "moved"  and  substitute  the  following:    That  con- 
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elusion  3  be  referred  back  to  the  Committee  for  revision  in  the  light 
of  the   discussion   of  to-day. 

Mr.  Rhea : — As  a  member  of  the  Committee  I  must  say  that  we 
will  be  left  a  good  deal  in  the  dark  as  to  what  the  conclusions  are.  I 
do  not  see  how,  as  a  Committee,  with  the  task  assigned  us  to  continue, 
we  will  not  be  able  to  make  any  progress.  We  will  simply  have  to  come 
back   next   year   to   have   it    settled. 

Mr.  Rudd : — I  hope  that  motion  will  not  prevail.  It  is  simply 
referring  back  to  the  Committee,  saying :  "You  made  this  report  this 
year;  take  it  back  and  guess  again  next  year."  Why  not  vote  this 
down  and  then  vote  for  or  against  the  original  motion?  Give  the  Com- 
mittee a  chance  to  know  how  you  feel  about  it. 

Mr.  Wendt : — The  strong  reason  for  referring  this  conclusion  back 
is  that  a  conventoin  is  not  the  best  body  to  endeavor  to  rewrite  a  con- 
clusion. The  Committee  itself  should  revise  a  conclusion,  and  the  dis- 
cussion of  this  morning  indicates  that  there  is  no  general  agreement 
with  respect  to  this  question.  The  discussion  even  indicates  that  it  is 
difficult  to  revise  the  wording  so  that  it  would  be  agreeable  to  the 
convention  as  a  whole,  and  the  Committee  will  be  in  no  different  rela- 
tion to  its  work  with  the  passage  of  the  resolution  than  it  would  other- 
wise, as  no  final  vote  is  being  taken  with  respect  to  this  matter.  It  is 
a  question  that  relates  entirely  to  a  report  of  progress  for  the  informa- 
tion of  the  Association,  and  the  Committee  is  in  the  same  strong  posi- 
tion to  consider  the  question  and  make  its  recommendation  from  what- 
ever standpoint  it  thinks  best  in  view  of  the  general  discussion  of  the 
morning. 

Mr.  C.  P.  Howard  (Lake  Shore  &  Michigan  Southern)  : — It  seems 
to  me  that  this  Association  would  be  going  rather  far  to  attempt  to 
pass  on  the  question  of  adjusting  the  cost  of  constructing  or  operating 
any  crossing  plant.  The  legislatures,  courts  and  judges  fix  the  pro- 
portion of  the  operating  expenses  at  crossings.  It  was  suggested  by  Mr. 
Elliott,  I  believe,  that  when  one  railroad  crosses  another  the  new  rail- 
road should  bear  the  whole  charges ;  others  maintain  that  they  should 
be  divided  equally ;  but  assuming  that  the  cost  of  maintaining  and  oper- 
ating interlocking  plants  are  borne  equally  by  the  different  railroads, 
we  might  take  a  case  in  which  the  total  cost  of  operating  and  main- 
taining a  plant  is  capitalized  at  $100,000;  a  new  railroad  would  figure 
that  its  proportion  of  the  cost  of  maintaining  and  operating  that  plant 
would  be  $50,000.  If  they  could  prove  to  themselves  that  the  cost  of 
an  overhead  crossing  would  be  $60,000,  of  course,  as  far  as  they  are 
concerned,  they  would  be  justified  in  putting  in  an  interlocking  plant, 
the  total  cost  of  which,  capitalized,  would  be  $100,000.  It  seems  to  me 
that  it  is  no  part  of  engineering  to  pass  on  the  equity  and  justice  in 
this  matter;  that  it  is  a  question  of  public  policy;  and  that  all  this 
Association  could  do  would  be  to  indicate  the  basis  on  which  the 
expense  of  the  interlocking  plant  could  be  figured ;  that  the  cost  of 
operation   may   be   calculated   on    the    basis    of    the    number    of   operating 


■ 


232  SIGNALING   AND   INTERLOCKING. 

units,  but  it  is  no  part  of  our  business  to  indicate  how  much  of  this 
cost  should  be  borne  by  one  company  and  how  much  by  another.  I 
think  we  should  keep  clear  of  that. 

Mr.  Rhea : — If  the  last  speaker's  assumptions  are  correct,  this  Com- 
mittee is  woefully  wrong  in  its  position.  We  have  assumed,  in  can- 
vassing the  laws  and  decisions  of  the  various  railroad  commissions  of 
the  country,  that  there  is  actually  need  of  an  expert  opinion  on  this 
subject,  and  I  think  a  perusal  of  the  different  laws  and  a  canvass  of 
the  decisions  which  have  been  made  will  bear  our  statement  out  that 
it   is  a  pretty  mixed-up   situation   as   matters  now   prevail. 

I  have  been  called  before  the  railroad  commissions  of  some  half 
dozen  States,  and  I  am  familiar  with  many  of  the  laws,  and  know 
that  there  is  'Certainly  much  variance  in  the  laws  in  the  different  States, 
and  I  believe  I  can  make  the  statement  with  truth  that  the  railroad 
commissions  are  looking  for  expert  advice  on  the  subject  as  to  whar 
is  a  proper  division  of  this  expense,  and  we,  as  a  Committee,  felt  that 
in  treating  this  subject  as  we  did,  we  were  carrying  out  the  will  of 
the  Association  in  presenting  a  report  which  did  deal  with  that  part  of 
the  question. 

If  we  are  not  as  an  Association  capable  of  passing  upon  what  ii 
a  proper  technical  and  equitable  division  of  construction,  maintenance, 
renewal  and  operating  expenses,  I  am  rather  at  a  loss  to  know  what 
Association  or  what  class  of  experts  could  determine  such  a  question. 
I  have  been  asked  by  members  of  railroad  commissions  of  some  of  the 
States  to  express  to  them  my  opinion  as  to  what  should  be  done  in 
particular  cases,  particularly  where  prevailing  agreements  were  in 
existence,  and  without  disrespect  to  our  railroad  commissions,  I  will 
say  they  certainly  are  not  very  fully  informed  on  such  matters,  and 
they  naturally  have  to  look  to  expert  opinion  for  advice  on  these  sub- 
jects, and  I  took  it  for  granted  that  an  expression  of  opinion  from 
this  Association  would  be  of  value  and  would  be  a  guide  to  these 
men  as  well  as  to  the  railroads  proper. 

iMr.  C.  P.  Howard: — I  think,  then,  that  being  the  case,  that  this 
Association  should  go  rather  slowly  in  expressing  an  opinion.  It  is 
an  extremely  important  thing,  and,  very  likely,  the  members  of  this 
Association  have  not  had  time  to  consider  all  the  bearings  of  the 
subject.  It  is  a  matter,  of  course,  concerning  which  different  State 
legislatures  have  made  laws,  and  the  question  has  been  pretty  fully 
discussed  as  a  matter  of  public  policy,  as  to  how  new  railroads  shall 
be  favored,  and  as  to  what  rights  of  property  an  existing  railroad 
has,  and  I  think  it  would  be  certainly  wise  to  leave  this  subject  in  the 
hands  of  the  Committee  for  further  consideration,  so  that  it  can  be 
looked  into  more  thoroughly  and  all  the  aspects  of  the  subject  can- 
vassed. I  do  not  think  all  of  us  thoroughly  realize  the  importance  and 
seriousness   of  the  question. 

Mr.  Rhea: — I  think  that  is  quite  true,  and  believe  this  is  a  subject 
which  should  be  handled  with  great  conservatism,  but  I  should  like  to 
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answer  a  little  further  that  I  feel  a  somewhat  narrow  view  has  been 
taken  of  this  proposition.  I  rather  gathered  from  what  was  said  a 
little  while  ago  that  it  was  thought  I  was  representing  a  particular 
railroad  system  in  this  matter.  I  am  in  a  position  at  this  time  to  take 
a  broad  view  of  this  subject.  This  is  my  personal  opinion.  I  am  not 
representing  the  policy  of  any  railroad  to-day,  but  I  think  the  practice 
is  a  little  bit  prevalent  of  taking  advantage  for  our  particular  com- 
panies instead  of  the  broader  view.  Now,  answering  Mr.  Ewing's 
point:  If  this  proposition  is  voted  down  it  will  go  to  a  division  of 
expense  on  an  operated-unit.  Mr.  Ewing,  as  representing  the  Phila- 
delphia &  Reading  Railroad,  is  not  interested  in  his  presentation  of 
the  case  as  best  conserving  the  interest  of  his  company,  from  the  fact 
that  his  road  is  practically  a  four-track  railroad;  but  he  has  not  stated 
which  units  he  wants  the  other  road  to  pay  for,  the  units  on  his  rail- 
road or  the  units  on  the  other  road.  If  he  pays  for  the  units  on  his 
own  railroad,  he  will  certainly  get  a  burden,  from  an  operating  point, 
that  is  not  fair.  The  old  railroad  will  get  the  worst  of  the  bargain 
a   whole   lot. 

(Vice-President   Snow  in  the   chair.) 

The  Vice-President : — The  motion  is  to  refer  conclusion  3  back  to 
the  Committee. 

(Motion  carried.) 

Mr.  Rudd : — That  cleans  up  subject  No.  4.  Before  proceeding  to 
subject  No.  5  I  am  requested  by  the  Committee  to  move,  that,  in  view 
of  the  action  of  the  Association  this  morning,  the  specifications  for 
mechanical  interlocking,  as  we  now  have  them,  be  omitted  from  the 
Manual  which  will  be  printed  this  year,  with  a  note  stating  that  the 
subject  of  mechanical   specifications   is   still    undc-   consideration. 

(Motion  carried.) 

Mr.  Rudd: — In  relation  to  subject  No.  5,  the  Committee,  as  you 
will  note  from  the  report,  has  had  a  number  of  meetings,  but  has  not 
yet  arrived  at  anything  definite.  We  submit  the  report  shown  on  pages 
338-340,  the  subject  being  "Comprehensive  System  of  Uniform  Signal- 
ing Suitable  for  General  Adoption,"  as  a  progress  report.  I  move  its 
adoption. 

Mr.  B.  H.  Mann  (Missouri  Pacific)  : — I  would  ask  the  Committee 
just  what  we  shall  understand  as  to  the  adoption  of  this  report  of 
progress,  particularly  as  to  whether  this  vote  carries  the  features  out- 
lined in  the  report.  When  the  primary  aspects  have  been  adopted,  does 
it  mean  that  the  secondary  aspects  are  still  open  for  discussion,  or  does 
it  mean  that  both  the  primary  and  secondary  aspects  are  still  open? 

iMr.  Rudd : — As  I  understand  it,  the  acceptance  of  the  report  as  a 
progress  report  would  not  commit  the  Association  in  any  way.  Thai 
is  how  I  intended  the  motion. 

(Motion   carried.) 

Mr.    Rudd :— Subject    No.    6,    relating    to    switchstands,    is    reported 
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on  page  230.  It  was  handled  by  sub-committee  C,  of  which  Mr.  Mock 
was  chairman. 

Mr.  Rudd : — In  regard  to  subject  No.  8,  Symbols,  that  subject  was 
handled  by  sub-conmiittee  E,  of  which  Mr.  Peabody  was  chairman. 
The   report   of   this   sub-committee   appears   on   page   230. 

The  only  change  in  tlie  iManual  will  be  the  printing  of  specifica- 
tions for  insulated  wire,  the  mechanical  specifications  having  been  elim- 
inated and  the  power  interlocking  specifications  having  been  accepted 
only  as  a  progress  report.     I   move  the  adoption  of   the   report. 

(Motion  carried.) 

Mr.  Rudd: — In  regard  to  subject  No.  8,  Symbols,  that  subject  was 
handled  by  sub-committee  E,  of  which  Mr.  Peabody  was  chairman.  The 
brief  report  o'f  the  Committee  appears  on  page  231.  1  move  tlie  adop- 
tion  of   the    Committee    as   a    progress    report. 

(Motion  carried.) 

iMr.  L.  C.  Fritch : — Before  the  Committee  is  discharged,  I  think  this 
convention  should  extend  to  it  the  thanks  of  the  convention  for  its  ex- 
cellent work.  It  presented  a  report  of  166  pages  of  very  valuable 
matter,  and  I  think  a  vote  of  thanks  should  be  extended  to  this  Com- 
mittee. 

(Motion  carried.) 

Mr.  Rudd : — In  behalf  of  the  Committee,  1  wish  to  thank  the 
Association  and  say  if  our  report  has  given  ihem  any  pleasure  we 
will  be  glad  to  prepare  a  report  with  twice  as  many  pages  next  year. 


PRELIMINARY  REPORT  OF  SPECIAL  COMMITTEE  ON  INJURY 

TO   SIGNAL  EQUIPMENT,   BRIDGES   AND   TRACK 

DUE    TO    BRINE    DRIPPINGS     FROM 

REFRIGERATOR    CARS. 

(Bulletin   lOfS.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 

of  Way  Association: 

Your  Special  Committee  appointed  to  report  on  "The  injury  to  sig- 
nal equipment,  bridges  and  track  due  to  brine  drippings  from  refrigerator 
cars,"  held  a  meeting  in  Chicago  September  4,  all  members  being  present, 
as  follows :    J.  C.  Mock,  Chairman ;  C.  H.  Cartlidge  and  C.  B.  Hoyt. 

The  purpose  of  the  meeting  above  mentioned  was  to  go  over  such 
data  as  had  already  been  collected  relating  to  the  subject,  it  having  been 
previously  agreed  by  correspondence  that  the  preliminary  work,  and 
before  any  conference  with  the  Master  Car  Builders'  Association  be 
attempted,  should  be  directed  toward  collecting  statistics  on  the  extra 
cost  to  the  Maintenance  of  Way  Departments  of  railroads  of  the  country 
handling  refrigerator  commodities,  resulting  from  the  present  practice 
of  allowing  brine  from  refrigerator  cars  to  drip  on  or  just  outside  the 
rails. 

That  this  practice  is  a  factor  in  the  maintenance  of  way  costs  is  a 
fact  already  established,  although  your  Special  Committee  has  not  had 
suflficient  time  to  gather  data  from  which  a  correct  estimate  of  the  aggre- 
gate annual  expense  to  all  the  railroads  due  to  brine  drippings  could  be 
deduced.  Enough  has  been  learned  to  demonstrate  that  the  question 
is  one  of  the  most  important  before  the  Association.  The  expense  due 
to  the  shortened  life  of  rails  and  fastenings,  bridges  and  signal  equip- 
ment, and  the  attendant  expense  because  of  more  frequent  inspections 
required  and  delays  to  trains  on  account  of  signal  failures  is  difficult  to 
express  accurately,  and  any  figures  must  therefore  be  regarded  as  approxi- 
mate only. 

As  early  as  1897,  the  Master  Car  Builders'  Association  received  a 
report  on  this  subject.  The  report  states  that  the  question  was  first 
brought  to  the  public  attention  in  1896.  From  the  report  we  extract  as 
follows : 

"The  fact  that  the  Master  Car  Builders'  Association  has  thought  it 
necessary  to  appoint  a  committee  to  prepare  a  report  on  this  subject 
is  sufficient  answer  to  the  claims  of  the  owners  of  refrigerator  cars  that 
the  salt  water  drippings  are  not  harmful 

"In  such  cars  the  mixture  used  for  cooling  purposes  is  composed 
of  ice  and  salt,  the  proportion  of  the  salt  to  the  ice  varying  from  6  per 
cent,  to  II  per  cent.,  and  one  refrigerator  car  will  produce  about  200 
gallons  of  salt  water  or  brine  every  twenty-four  hours,  which  on  an 
average   will  contain  8J/2  per   cent,   of  salt. 
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"At  one  icing  station  where  5,200  cars  were  taken  care  of,  that  num- 
ber of  cars  was  supplied  with  6,072,000  lbs.  of  ice,  and  503,000  lbs.  of 
salt. 

"Replies  to  the  circular  of  inquiry  sent  out  on  November  22,  1897, 
have  been  received  from  railroads  that  handle  about  55,000  refrigerator 
cars  loaded  with  dressed  beef  per  annum. 

"The  committee  started  out  with  the  idea  of  having  refrigerator  cars 
fitted  with  one  or  more  reservoirs,  to  be  attached  underneath  the  car  body, 
into  which  the  salt  water  drippings  could  be  conveyed,  the  reservoirs 
to  be  large  enough  so  that  they  would  not  have  to  be  emptied  more 
than  once  every  twelve  hours,  at  division  terminals,  where  proper  pro- 
vision could  be  made  for  taking  care  of  the  salt  water.  This  idea, 
however,  met  with  so  much  opposition  on  the  part  of  the  refrigerator 
car  owners  that  the  committee  abandoned  it,  not  caring  to  recommend 
an  arrangement  that  the  refrigerator  car  owners  would  be  unwilling 
to  adopt. 

"The  committee  presents  two  methods  that  can  be  followed  with- 
out much  expense,  either  one  of  which  will  improve  the  present  con- 
dition of  affairs ;  and  although  a  patent  has  been  applied  for  in  the 
case  of  Design  No.  2,  it  is  the  opinion  of  the  committee  that  Design 
No.  2  will  give  the  better  results.  Design  No.  2  will  be  the  more  ex- 
pensive, but  it  will  not  cost  to  exceed  $5.00  per  car,  including  a  royalty, 
if  the  patent  is  granted.  The  principle  of  both  designs  is  to  convey 
the  salt  water  so  that  it  will  drop  between  the  rails  at  about  the  center 
of  the  track,  where  it  will  do  little  or  no  damage." 

The  following  is  an  extract  from  a  report  to  the  Association  of 
Railway  Superintendents  of  Bridges  and  Buildings  in  1898,  on  the  care 
of  iron  bridges  after  erection,  including  the  best  method  of  protect- 
ing them   from   salt   water   drippings   from   refrigerator   cars : 

"The  question  of  best  method  of  protecting  bridges  from  injury 
by  salt  water  drippings  is  one  upon  which  little  can  be  said.  That 
this  dripping  is  very  injurious  to  metal  none  will  question,  except, 
perhaps,  the  owners  of  the  refrigerator  cars.  Some  little  interest  is 
being  taken  in  this  subject  by  the  officials  in  charge  of  track  and 
bridges,  but  little  or  none  by  those  in  charge  of  the  transportation  de- 
partment, and  while  the  remedy  should  be  applied  to  the  cars  instead 
of  the  bridges,  there  will  undoubtedly  be  opposition  to  this  method  by 
the  car  owners,  who  will  probably  be  very  slow  to  provide  their  cars 
with  the  necessary  protection  unless  forced  to  do  so  by  the  railroad 
companies'  united  action.  One  refrigerator  car  will  produce  probably 
200  gallons  of  brine  every  twenty-four  hours,  which  is  distributed  over 
the  roadbed  and  bridges  as  the  car  passes  along  or  is  held  on  a  siding. 
The  damage  is  greatest  when  the  cars  are  not  in  motion  and  on  curves 
where  slow  speed  is  maintained.  In  order  to  protect  bridges  in  such 
places  it  would  be  necessary  to  completely  cover  their  decks  with  a 
waterproof  protection  with  gutters  to  carry  off  the  brine.     This  is  ren- 
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dered  necessary  because  the  vents  in  the  present  refrigerator  cars  vary 
in  their  positions,  thereby  making  it  impossible  to  construct  a  single 
gutter  to  catch  the  flow.  It  has  been  suggested  that  attachments  be 
made  to  all  cars  in  such  a  manner  that  the  flow  of  brine  will  always 
fall  in  the  center  between  the  rails.  This  will  furnish  considerable 
relief  and  in  places  where  the  flow  is  excessive,  provision  could  be 
made  to  catch  this  flow  and  conduct  it  away  from  the  metal  work. 
The  attachment  to  the  cars  would  probably  cost  not  to  exceed  $5.00 
each,  and  would  be  a  compromise  between  the  railroad  companies  on 
the  one  side,  providing  a  waterproof  decking  for  the  structures  mostly 
damaged,  and  the  owners  of  the  cars  on  the  other  side,  providmg 
reservoirs   to  hold    this   dripping  until   discharged   at    regular    stations." 

Previous  to  this,  it  was  well  known  to  Signal  Engineers  and  those 
having  to  do  with  the  maintenance  and  operation » of  automatic  signals 
that  the  drippings  from  refrigerator  cars  very  seriously  affected  the 
operation  of  signals  in  wet  weather  (the  heavy  summer  showers  gave 
certain  relief  because  of  the  tendency  to  flush  the  rail  and  rail  fasten- 
ings). In  1901  the  subject  was  mentioned  in  the  Railway  Signal  As- 
sociation in  connection  with  a  discussion  on  the  maintenance  of  track 
circuits. 

The  Michigan  Central  Railroad  was  at  that  time  experiencing  so 
much  trouble  because  of  brine  drippings  that  on  certain  troublesome 
sections  they  resorted  to  the  use  of  oil  on  the  rails.  While  this  elimi- 
nated the  signal  failures,  it  was  not  a  satisfactory  solution  of  the  problem 
from  a  financial  standpoint,  as  the  cost  of  oiling  one  mile  of  track 
per  annum  was  in  the  neighborhood  of  $100.00. 

In  1907,  at  the  seventeenth  convention  of  the  Association  of  Rail- 
way Superintendents  of  Bridges  and  Buildings,  the  subject  was  again 
discussed  under  the  heading,  "Recent  Experiments  in  Protecting  Steel 
Railroad  Bridges  Against  the  ,A.ction  of  Brine  from  the  Refrigerator 
Cars ;"  and  Past-President  Johnston,  at  the  ninth  annual  convention  of 
this  Association,  called  attention  to  this  subject  in  the  following  remarks: 

"For  some  years  the  attention  of  the  maintenance  engineers  of  many 
of  our  railroads  has  been  drawn  to  the  effect  produced  by  salt  brine 
drippings  on  the  life  of  rail  and  joint  fixtures,  and  on  the  durability 
of  bridges  and  other  like  structures.  This  has  caused  much  anxiety, 
and  has  led  to  substantial  money  loss.  This  is  more  especially  true 
of  those  lines  which  in  the  nature  of  things  are  the  natural  avenues 
for  moving  commodities  requiring  refrigeration  in  transit.  The  drip- 
ping of  salt  brine  from  refrigerator  cars  on  track  and  on  bridge  floors 
is  no  small  factor  in  their  deterioration.  Efforts  have  been  made  in 
past  years  to  bring  about  some  modification  in  the  construction  of  such 
special  cars,  so  as  to  eliminate  a  great  deal  of  this  trouble,  but  it  still 
continues.  So  long  as  it  affected  only  the  life  of  material  and  did  not 
necessarily  introduce  an  element  affecting  train  operation,  and  on  the 
score  of  a  disinclination  to  impose  what  might  be  esteemed  burden- 
some conditions  on  a  certain  class  of  traffic,  this  important  matter  has 
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in  a  sense  been  ignored.  What  impels  me,  at  this  time,  to  bring  it 
forward  is  a  reference  in  the  Association's  Bulletin  97  to  an  experience 
on  the  Delaware,  Lackawanna  &  Western  Railroad,  arising  from  the 
effect  of  salt  brine  drippings  on  automatic  block  signal  operation.  This 
question  is  worthy  of  renewed  consideration,  and  if  upon  careful  in- 
quiry by  the  proper  committee  it  is  found  to  have  a  material  bearing 
upon  safe  operation,  there  should  be  an  immediate  effort  to  secure  by 
co-operation,  through  the  Master  Car  Builders'  Association,  a  modifica- 
tion of  the  existing  arrangements  for  discharging  the  salt  brine." 

The  subject  was  discussed  by  the  General  Managers'  Association 
of  the  Southeast  at  a  meeting  held  at  Atlanta,  Ga.,  on  January  16,  1908. 
A  letter  from  the  Cincinnati,  New  Orleans  &  Texas  Pacific,  reading  as 
follows,  introduced  the  topic: 

"Steel  rails  and  ^fastenings,  iron  and  steel  structures  are  greatly 
damaged  by  brine  drippings  from  refrigerator  cars  handling  meat  ship- 
ments, which  damage  could  be  greatly  reduced  by  arranging  the  drip 
pipes  so  that  the  brine  will  drop  in  the  middle  of  the  track  instead  of 
on  or  near  the  rails." 

The  discussion  indicated  that  the  suggested  method  was  not  a  very 
satisfactory  solution  of  the  matter,  and  it  seems  to  have  been  disposed 
of  by  them,  for  the  present  at  least,  by  the  statement  that  the  general 
experience  of  the  members  seemed  to  be  that  the  volume  of  traffic  with 
brine  drip  in  that  territory  was  so  small  that  the  trouble  did  not  consti- 
tute a  grave  problem. 

From  the  foregoing,  it  will  be  noted  that  the  subject  has  received 
no  continuous  or  enthusiastic  study  by  any  railroad  organization  with 
a  view  of  learning  just  what  it  costs,  and  with  the  exception  of  the 
Master  Car  Builders'  report  of  1907,  no  recommendations  have  been 
made  that  would  really  do  much  in  the  way  of  improving  conditions. 
It  appears  that  the  only  method  that  would  effectually  eliminate  tfhe 
trouble  met  with  so  much  opposition  on  the  part  of  the  car  owners  that 
the  Master  Car  Builders  abandoned  it  before  making  a  recommenda- 
tion. 

Mr.  W.  C.  Cushing's  article  in  the  Railroad  Gazette  of  June  5,  1908, 
contained  some  illustrations  of  the  rapid  deterioration  of  spikes  and 
tie  plates  which  is  believed  to  be  due  largely  to  brine  drippings.  We 
have  herewith  shown  a  few  illustrations  of  tie  plates,  rail  joints,  splice 
bars  and  a  bridge  member,  none  of  which  have  been  in  service  over 
five  years  and  some  less  than  two  years.  We  have  also  obtained  data 
from  several  railroads  giving  quite  careful  estimates  on  the  extra  cost 
to  their  Maintenance  of  Way  Departments,  due  to  brine  drippings,  which 
we  submit  below : 
Chicago,  Burlington  &  Quincy  Railroad  Company: 

Bridges. — On  lines  not  exposed  to  refrigerator  traffic,  the  paint  on 
bridges  will  last  on  the  average  four  years  and  remain  in  good  condi- 
tion. On  lines  which  are  exposed  to  refrigerator  traflSc,  the  iron  work 
on   the   stringers  and   floor  beams   of   bridges   begins   to   show    "pitting" 


BRINE    DRIPPINGS.  239 

when  protected  only  by  oil  paint  within  a  few  months  after  being  painted. 
The  cost  of  cleaning  and  painting  a  floor  system  will  average  not  less 
than  25  cents  per  linear  foot  of  bridge.  It  has  been  found  that  certain 
paints  will  last  about  one  year,  so  that  the  cost  on  account  of  brine 
is  estimated  at  25  cents  per  foot  per  year.  There  are  150,000  ft.  of 
iron  bridge  exposed  to  refrigerator  traffic  on  the  system,  so  that  the 
annual  cost  of  brine  drippings  on  bridges  alone  amounts  to  $37,500, 
which   is   interest   on   $750,000. 

Track. — The  deterioration  of  tie  pfates,  angle  bars  and  the  rail  itself 
on  tracks  exposed  is,  in  a  great  many  places,  extremely  marked.  Angle 
bars  have  been  reduced  ys-in.  at  the  edge  of  the  lower  flange  and  tie 
plates  reduced  so  that  nothing  was  left  but  the  ribs  which  were  jpressed 
into  the  wood.  This  represents  a  deterioration  during  less  than  ten 
years,  the  original  thickness  of  the  plates  being  f^-in. 
Michigan    Central    Railroad    Company: 

Track. — On  545  miles  of  main  track,  it  is  estimated  that  the  loss 
in  rails  during  their  life  is  about  10  per  cent.,  and  the  effect  on  bolts, 
spikes  and  tie  plates,  which  require  more  frequent  renewals  than  the 
same  items  on  westbound  track  which  is  not  affected  by  the  brine 
drippings,  is  50  per  cent.  On  this  basis  we  have  the  following  figures 
chargeable  to  brine  drippings  : 

Bolts    .$  9,800 

Tie  Plates   27,000 

Spikes   8,000 

Rails    12,700 

Angle  Bars   1,500 

Labor   50,000 

Bridges. — The  Bridge  Department  estimates  that  the  increased  cost 
of  painting  and  more  rapid  deterioration  of  bridges  amounts  to  $25,000 
per  year. 

To  this  is  added  $4,000  per  year  because  of  increased  number  of 
track  sections,  increased  amount  of  battery  and  the  cost  of  extra  main- 
tenance because  of  these  increases,  making  a  total  yearly  cost  of  $145,000, 
which  is  the  interest  on  $2,900,000. 

Signals. — The  Signal  Department  report  details  additional  cost  as 
follows : 

Maintenance  of  91   track  sections  of  the  eastbound 
track    above    the    number    of    sections    used    on 

the  westbound   track $    455 

1,000  cells  of  battery  1,700 

Extra  labor  and  attendance 100 

Labor    and    material    for    more    frequent    bonding 

and  adding  third  wire 1,000 

Extra  amount  of  labor  and  material  for  interlock- 
ing fittings,  connections,   cross  pipes,  ^etc 350 

Labor  of  cleaning  tracks 395 

Total    $4,000 
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Lake  Shore  &  Michigan  Southern  Railroad  Company: 

The  addilional  cost  on  account  of  brine  drippings  from  refrigerator 
cars  on  track  circuits  is  as  follows :  Toledo  District,  $301  ;  Michigan  Dis- 
trict, $100;  Eastern  District,  $85,  making  a  total  for  added  battery  of  $486. 
To  this  should  be  added  the  cost  of  additional  maintenance.  It  has  also 
been  found  that  the  fiber  in  insulated  joints  on  the  castbound  track 
requires  renewal  oftener  than  the  westbound  and  the  estimated  cost  on 
this  account  is  $1,500  per  year. 

The  few  statements  above  quoted  are  representative  of  existing  con- 
ditions wherever  refrigerator  traffic  is  handled,  and  indicate  only  a  por- 
tion of  the  enormous  total  expense  incurred  by  railroads  handling  this 
class  of  traffic  in  repairing  damage  to  signal  equipment,  bridges  and 
track  due  to  brine  drippings.  In  addition  to  the  Maintenance  of  Way 
departments  directly  affected,  there  are  a  number  of  other  items  not 
easily  obtainable  because  somewhat  indeterminate  ;  for  example,  (a)  the 
additional  cost  for  repairs  and  maintenance  of  rolling  stock;  (b)  the 
cost  of  trains  stopped  at  automatic  signals  that  have  failed  to  operate 
due  to  brine  drippings ;  (c)  the  extra  cost  for  the  up-keep  of  interlock- 
ing apparatus,  both  mechanical  and  electrical;  and  the  failures  and  con- 
sequent train  delays  on  account  of  the  reduction  of  the  insulating 
resistances;  (d)  electrified  sections  of  j-ailroads,  using  third  rail  to  fur- 
nish the  current  for  traction,  will  find  that  drippings  from  refrigerator 
cars  as  now  arranged  will  fall  on  the  third  rail.  This  will  of  course  cause 
rapid  deterioration  of  the  rail  and  rail  supports ;  it  will  reduce  the 
insulation  resistance  between  third  rail  and  ground,  and  consequently 
add  to  the  power  station  output,  add  to  any  electrolytic  action  that 
causes  damage,  and  reduce  the  factor  of  safety  provided  for  against 
accidents   to   persons   working  about   the   third   rail. 

CONCLUSION. 
Your  Special  Committee  is  of  the  opinion  thut  the  damage  to 
railroad  equipment,  and  especially  to  Maintenance  of  Way  equip- 
ment, and  the  failures  of  signaling  and  interlocking  apparatus,  caused 
by  the  present  practice  of  allowing  brine  to  drip  from  refrigerator 
cars  en  route  is  of  such  vital  importance  in  operating  costs  as  to 
call  for  immediate  action  on  the  part  of  this  Association,  and  we 
recommend  that  this  Association  formally  request  the  American 
Railway  Association  to  take  such  action  as  will  stop  the  dripping 
<^f  brine.  Respectfully  submitted, 

J.  C.  Mock,  Electrical  Engineer,  Michigan  Central  Railroad,  Detroit, 
Mich,  (representing  Committee  on  Signaling  and  Interlocking) ,  Chair- 
man. 
C.  H.  Cartlidge,  Bridge  Engineer,  Chicngo,  Burlington  &  Quincy  Rail- 
road, Chicago,  111.  (representing  Committee  on  Iron  and  Steel  Struc- 
tures). 
C.  B.  HoYT,  Superintendent  of  Track,  New  York,  Chicago  &  St.  Louis 
Railroad,   Bellevue,  Ohio    (representing  Committee  on    Track). 

Special  Committee. 
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Vi£ws  OF  Corroded  Tie  Plates. 
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Views  of  Corroded  Angle  Bars. 
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Views  of  Corroded  Track  Spikes. 

(Track  spikes  removed  from  turnout  rail  between  main  track  rails 
of  eastbound  passenger  track;  spikes  placed  in  track  July,  1906  (new), 
removed  April,   1908.) 


Views  of  Corroded   Bridge  Member. 


DISCUSSION. 

Mr.  J.  C.  jMock  (Michigan  Central  Railroad)  : — The  report  of 
your  Special  Committee  on  injury  to  Signal  Equipment,  Bridges 
and  Track  Due  to  Brine  Drippings  from  Refrigerator  Cars  is  given 
in  Bulletin  io6.  The  effect  of  brine  drippings  on  signal  apparatus 
has  not  been  brought  out  as  fully  in  this  report  as  we  hope  to  do 
in  a  future  report,  if  it  is  found  desirable  to  pursue  the  subject 
further,  although  we  have  presented  some  figures  to  indicate  what 
it  means  to  the  Signal  Department  to  continue  the  practice  of  per- 
mitting brine  to  drop  from  cars  as  at  present.  We  submit  for  your 
approval    the    following  conclusion: 

"Your  Special  Committee  is  of  the  opinion  that  the  damage  to 
railroad  equipment,  and  especially  to  Maintenance  of  Way  equipment, 
and  the  failures  of  signaling  and  interlocking  apparatus,  caused  by 
the  present  practice  of  allowing  brine  to  drip  from  refrigerator  cars 
en  route,  is  of  such  vital  importance  in  operating  costs  as  to  call 
for  immediate  action  on  the  part  of  this  Association,  and  we  recom- 
mend that  this  Association  formally  request  the  American  Railway 
Association    to    take    such    action    as    will    stop    the    dripping    of    brine.'" 

The  Vice-President : — The  gist  of  the  conclusion  is  that  we  for- 
mally request  the  American  Railway  Association  to  take  such  action 
as  will  stop  the   dripping  of   brine.     Are  there   any    remarks? 

Mr.  L.  C.  Fritch  (Illinois  Central)  : — In  lieu  of  the  conclusion  of 
the    Committee,    I    offer    the    following    resolution : 

"Resolved,  That  the  subject  of  brine  drippings  be  referred  to 
the  American  Railway  Association  with  the  recommendation  that 
.immediate  action  be  taken  to  require  that  brine  drippings  shall  be 
deposited  in  the  center  of  the  track  in  order  to  minimize  the  damage 
caused  to  Maintenance  of  Way  structures  by  reason  of  the  present 
method  of  disposing  of  such  drippings." 

Mr.  F.  E.  Schall  (Lehigh  Valley)  : — I  second  the  motion,  but  at 
the  same  time  stale  that  in  my  judgment  carrj'ing  the  brine  drip- 
pings to  the  center  of  the  track  will  not  obviate  the  trouble.  On 
the  bridges  the  brine  will  be  thrown  toward  the  bottom  flanges,  top? 
and  sides  of  floor  beams,  etc.,  which  will  suffer  severely.  Any  track 
or  signal  appliances  that  are  placed  between  the  rails  will  also  be 
injured.  Some  effective  remedy  to  do  away  with  the  drippings 
entirely  should  be  employed.  The  Maintenance  of  Way  Department 
will  be  put  to  considerable  expense  to  make  provision  to  catch  the 
brine  in  the  center  of  the  track,  and  it  seems  to  me  the  remedy  lies 
in    something'    else.     I    think    the    remedy    should    be    applied    at    the 
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root  of  the  disease.  Any  member  of  the  Association  connected  with 
an  Eastern  road  knows  the  disastrous  effect  of  the  brine  drippings. 
I  know  that  the  chairman  himself  has  had  ample  experience  on  this 
score.  I  should  prefer  to  see  a  more  definite  remedy  suggested,  some- 
thing  to  take   care   of   the   brine    in    the    cars. 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — I  agree 
with  what  Mr.  Schall  says,  that  we  should  not  take  any  half-way 
steps  in  the  proposition.  It  is  certainly  a  very  serious  thing  with 
some  of  the  Eastern  roads — it  certainly  is  in  our  case.  I  am  in  favor 
of  taking  some  positive  action,  rather  than  a  half-way  remedy,  for  it 
is  only  a  partial  remedy  if  you  put  the  brine  in  the  center  of  the 
track.  I  think  we  should  take  some  action  to  prevent  the  dripping 
of  the  brine  from  the  cars  at  all,  as  in  the  case  of  signaling  work, 
and  also  in  the  case  of  the  rail,  bolts,  splice  bars  and  bridge  struc- 
tures it  is  a  serious  proposition  and  an  expensive  matter,  and  be- 
comes more  expensive  as  we  increase  our  better  appliances  in  rail- 
road work.  As  we  become  better  equipped  with  signal  appliances, 
this  damage  and  trouble  we  are  now  experiencing  will  grow  larger 
and  larger,  and  it  is  a  matter  that  should  be  referred  to  the 
American    Railway    Association   with    a    request   to    take    positive   action. 

Mr.  W.  G.  Besler  (Central  Railroad  of  New  Jersey)  : — The  sub- 
ject is  one  of  wider  scope  than  merely  its  relation  to  this  Asso- 
ciation, in  that  the  cars  and  equipment  are  much  affected  by  the 
salt  brine  drippings,  as  well  as  the  track  appliances.  I  have  recently 
had  correspondence  with  the  chairman  of  the  Southeastern  General 
Managers'  Association  and  the  Chicago  Association,  all  on  the  subject 
of  this  damage,  not  only  to  the  track,  but  equipment  itself,  and  I 
believe  that  the  action  proposed  by  the  Committee  to  refer  this 
matter  to  the  executive  committee  of  the  American  Railway  Associa- 
tion and  request  that  association  to  take  care  of  the  matter  in  dele- 
gating it  to  some  sub-committee  or  some  proper  committee,  is  the 
proper  action.  This  subject  not  only  relates  to  the  track,  but  to 
the    cars    themselves. 

The  Vice-President : — I  ask  Mr.  Besler,  as  a  representative  of 
the  American  Railway  Association,  if  he  thinks  the  statistics  gathered 
by  our  Committee  would  be  of  interest  to  the  American  Railway 
Association? 

Mr.  Besler : — Any  committee  assigned  to  cover  this  matter  by  the 
American  Railway  Association  might  use  the  data  we  have  collected,  as 
well  as  data  collected  on  the  subject  by  the  M.  C.  B.  Association,  and 
other  sources,  all  of  which  might  be  taken  into  account  in  any  action 
they  might  conclude  to  take.  It  might  be  possible  they  would  refer 
the    question   back   to    us    for   additional    action    or    otherwise. 

Mr.  A.  W.  Johnston  (New  York,  Chicago  &  St.  Louis)  :— I 
heartily  second  what  Mr.  Besler  says.  While  the  motion  offered  by 
Mr.  Fritch  tends  to  relieve  one  particular  feature  of  the  trouble,  it 
by    no    means    removes    the    difficulty.     Formerly,    the    old    type    of    car 
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had  a  pipe  toward  the  center  of  the  track,  and  that  was  the  begin- 
ning of  the  deterioration  with  which  we  now  have  trouble,  and  it 
seems  to  mo  the  resolution  offered  by  Mr.  Fritch  should  not  prevail, 
but  that  the  Committee's  conclusion  be  the  basis  of  a  reference  of 
the  whole  question  to  the  American  Railway  Association,  to  deal  with 
as   they  see   fit. 

Mr.  L.  C.  Fritch: — In  defense  of  the  resolution  I  will  say  that 
this  matter  has  been  under  consideration  for  ten  years.  The  M.  C.  B. 
Association  has  already  recommended  to  the  American  Railway  Asso- 
ciation that  this  subject  be  considered.  I  was  fully  aware  that  this 
resolution  did  not  contemplate  the  full  removal  of  tlic  evil,  but  in 
my  opinion  it  will  remove  at  least  75  per  cent.  Is  it  not  better  to 
get  75  per  cent  of  tiic  loaf,  rather  than  to  get  no  loaf  at  all?  We  all 
know  dripping  l)riuc  in  the  center  of  the  track  will  affect  bridges, 
but  it  will  not  affect  track  appliances  except  where  there  is  a  crossing 
or  turnout.  It  will  also  not  affect  the  wheels  of  cars.  It  seems  to 
me,  therefore,  a  practicable  move  which  can  lie  applied  at  not  to 
exceed  five  dollars  a  car,  which  is  more  within  our  possibility  of 
reaching,  than  to  open  the  subject  again  for  some  method  that  will 
cure   the   entire   evil. 

I  have  never  seen  statistics  before  that  brought  thi^  matter  so 
vividly  to  my  mind.  When  you  consider  that  on  one  railroad  $37,500 
a  year  is  estimated  to  be  lost  on  account  of  this  cause,  what  must  it 
amount  to  on  all  the  lines  over  the  entire  country?  I  am  satisfied 
if  this  matter  is  referred  to  the  American  Railway  Association  it 
will    result    in    serious    delays    very    much    as    it    did    before. 

Air.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  believe  we  would 
be  in  better  form,  in  going  to  the  American  Railway  Association,  if 
we  did  not  tell  that  association  how  to  cure  this  trouble.  They  will 
thresh  the  thing,  through  their  committee,  out  for  themselves,  as 
suggested   by    Mr.    Besler. 

Mr.  Mock: — I  think  I  speak  for  the  Committee  when  I  say  I 
think  the  remarks  of  'Mr.  Ewing  are  in  line  wilii  what  the  Committee 
thought  proper — not  to  recommend  ways  and  means,  because  that 
is  not  in  our  province.  The  cure  will  have  to  be  eft'ected  by  the 
motive  power  departments  of  the  railroads.  We  also  felt  that  we 
should  not  rcconmiend  a  half-way  measure.  The  dripping  of  brine  in 
the  center  of  the  track  will  but  little  relieve  the  signal  situation, 
because  tire  leakage  is  dependent  upon  the  insulation  resistance  be- 
tween the  rails  for  the  operation  of  the  circuit,  and  on  curves  and 
superelevat'ed  portions  of  track  we  get  it  spread  a  good  deal  over 
the  arei  "between  the  rails.  We  have'  experienced  a  great  deal  of 
trouble,  and  I  have  nO'  doubt  a  good  many  railroads  who  have 
handled  this  sort  of  traffic  have  similar  difficulty.  On  many  of  our 
track  circuits  where  we  should  operate  3,000  or  4,000  feet,  we  have 
to  cut  them  down  to  1,000  feet,  resulting  in  more  equipment  and 
more     liability     tQ     signal     failures.     The     Committee     believed     that     it 
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should  present  to  you  the  question  of  cost,  because  the  Signal  Depart- 
ment can  take  care  of  the  situation  by  sufficient  outlay  of  money 
in  material  and  men  to  take  care  of  the  signal  operations.  T  have 
no  doubt  the  Bridge  Departments  can  do  likewise,  but  we  feel  as 
it  stands  this  recommendation  should  be  referred  to  the  American 
Railway  Association  without  mentioning  how  it  should  be  done, 
although  we  have  indicated  in  our  report  about  the  only  means 
that  seems  to  be  practicable ;  the  stopping  of  it  and  not  the  mitigation 
of   it   is   what   we  believe   to   be  proper. 

Mr.  Schall : — I  think  the  plan  outlined  by  Mr.  Besler  is  the  best 
course.  The  American  Railway  Association  will  appoint  a  commit- 
tee with  sufficient  members  to  investigate  this  matter  for  themselves. 
Such  committee  can  go  to  the  various  roads  affected  and  call  for 
figures  which  they  will  probably  take  more  interest  in  than  if  this 
Association  furnished  them.  I  think  now  is  the  time  for  action ;  the 
proper  way  would  be  to  let  Mr.  Fritch  modify  his  resolution,  or  to 
vote  it  down  and  adopt  the  Committee's  recommendation  and  transmit 
it  with  the  resolution  that  the  Association  recommends  immediate 
action.  I  seconded  Mr.  Fritch's  resolution  to  get  it  before  the  house, 
but    I    think    the    Committee's    recommendation    should    be    adopted. 

(The  amendment  was  lost;  the  Committee's  conclusion  was 
adopted.) 

The  Vice-President: — The  Committee  will  be  relieved  with  the 
thanks   of   the   Association. 


REPORT  OF  COMMITTEE  NO.  XIV— ON  YARDS  AND 

TERMINALS. 

(Bulletin    106.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Yards  and  Terminals  submits  herewith  its  ninth 
annual  report.  As  the  instructions  of  the  Board  of  Direction  (upon 
which  this  report  is  based)  are  supplementary  to  those  of  last  year,  the 
work  of  the  Committee  has  been  concentrated  mainly  upon  the  develop- 
ment of  two   subjects   previously  considered: 

(i)     The  operation  of  hump  yards. 

(2)     The   use   of  machinery   for   handling   freight. 

While  the  Committee  is  able  to  present  considerable  information 
as  to  these  matters,  it  is  not  of  such  character  as  to  enable  general  con- 
clusions to  be  drawn  or  definite  recommendations  to  be  made.  The 
Committee  therefore  presents  this  as  a  report  of  information.  The 
detailed  information  as  to  methods  of  operating  hump  yards  appears 
to  form  a  fitting  conclusion  to  the  Committee's  investigation  of  the 
design  and  operation  of  hump  yards,  which  investigation  has  extended 
over  some  years. 

THE    OPERATION    OF    HUMP    YARDS. 

Your  Committee  is  able  to  present  valuable  information  as  to  the 
details  of  methods  of  operation  employed  at  a  number  of  freight  yards 
of  the  gravity  type.  There  is  little  opportunity,  however,  for  gener- 
alizing or  drawing  conclusions,  owing  to  the  varying  local  conditions. 
The  matter  is  therefore  presented  as  an  appendix  in  convenient  form 
for  the  information  of  those  engaged  in  the  design  or  operation  of 
freight  yards.      (Appendices  A   and  B.) 

Two  separate  inquiries  were  made  by  the  Committee :  First,  as 
to  the  methods  of  operating  hump  yards  (noted  above)  ;  Second,  as 
to  the  number  of  yards  of  this  type  in  use  or  contemplated.  From 
the  replies  to  the  latter  series  a  table  has  been  compiled  showing  82 
such  yards  in  use.     (Appendix  C.) 

It  may  be  noted  that  there  is  a  preponderance  of  opinion  in  favor 
of  placing  track  scales  on  the  hump.  The  location  varies  from  30  ft. 
to  300  ft.  below  the  summit. 

Some  advantages  of  using  two  scales  are  also  pointed  out.  They 
enable  separate  parallel  tracks  to  be  built  for  summer  and  winter  con- 
ditions, and  also  allow  the  regular  work  to  continue  while  one  of  the 
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scales  is  under  repair.  But  two  parallel  humps  cannot  be  used  at 
one  time  in  connection  with  one  classification  yard,  and  to  provide  an 
additional  or  alternate  hump  for  use  in  emergencies  entails  a  loss  of 
room  and  distortions  of  lines  m  both.  There  is,  therefore,  a  reasonable 
doubt  as  to  the  value  of  such  installations.  At  principal  gateways  of 
movement,  and  at  points  of  origin  of  large  volumes  of  freight  of 
mixed  character,  and  wide  distribution  the  classification  should  be  made, 
(i)    as   to   fast   or   slow   movement,   and    (2)    as   to   destination. 

The  question  is  presented  therefore  as  to  the  relative  merits  of 
the  alternative  plan  of  providing  a  second  classification  yard  with  the 
second  hump  to  be  used  for  fast  freight,  thus  making  it  possible  to 
take  either  hump  out  of  service  for  a  limited  time  without  causing 
complete  stoppage  of  classification,  and  making  it  possible  to  nearly 
double  the  classification  capacity  with  a  comparatively  small  increase 
in  facilities.  The  second  hump  might  be  parallel  with  or  tandem  with 
the   first,   according  to   local   conditions. 

The  relation  of  the  percentage  or  proportion  of  cars  to  be  weighed 
to  the  location  of  scales  on  the  hump  or  elsewhere  is  not  yet  deter- 
mined. We  have  testimony  to  the  effect  that  the  scale  should  not  be 
located  on  the  hump  unless  about  25  per  cent,  of  the  cars  to  be  handled 
must  be  weighed.  We  also  have  the  opinions  of  men  who  are  in  charge 
of  large  hump  yards  that  handle  thousands  of  cars  daily,  that  the  scale 
should  be  located  on  the  hump  regardless  of  the  number  or  proportion 
of  cars  to  be  weighed.  We  assume  therefore  that  the  greatest  economy 
would  be  secured  by  locating  the  scale  on  the  hump  if  it  is  assured 
that  from  5  to  10  per  cent,  of  the  cars  must  be  weighed. 

In  this  connection,  we  present  the  following  discussion  of  the  sub- 
ject, received  from  Mr.  H.  M.  North,  Engineer  of  Construction,  Lake 
Shore    &    Michigan    Southern    Railway: 

"A  few  suggestions  are  vividly  before  me  because  of  difficulties 
that  have  attended  the  designing  of  certain  terminals  in  my  own  expe- 
rience. I  would  respectfully  suggest  that  the  Committee  should  give 
very  careful  attention  to  the  question  of  the  advisability  of  placing 
scales  on  humps,  and  that  it  should  not  come  lightly  to  a  decision  in 
this  matter.  It  is  my  full  belief  that  there  is  no  possible  scheme  of 
grades  for  a  hump  where  a  scale  is  placed  within  the  hump  limits 
which  will  enable  traffic  to  be  handled  within  50  per  cent,  of  the  speed 
that  can  be  secured  at  the  same  point  if  the  scale  is  not  placed  on 
the  hump.  In  practice  the  placing  of  scales  on  humps  is  invariably 
attended  by  embarrassment  to  the  efficiency  of  the  j-ard  for  non-weighing 
traffic,  this  embarrassment  usually  being  unnecessarily   great. 

"In  designing  the  Gould  System  yards  for  the  St.  Louis  gateway, 
where  the  weigh  traffic  aggregated  about  half  the  total  traffic  passing 
through  the  terminal,  I  placed  the  scale  on  the  hump  of  my  own  option 
and  with  the  full  approval  of  the  very  able  operating  and  construction 
officials   of   th'at    System.     This    decision    was    caused    by    the    evidently 
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greater  evil  involved  in  placing  the  scales  elsewhere.  Like  many  other 
things  in  railway  work,  it  was  simply  a  matter  of  meeting  a  situation 
with  the  best  solution  of  all  questions  involved,  this  solution  involving 
admittedly  and  knowingly  serious  disadvantages  in  certain  respects. 
Had  the  proportion  of  non-weigh  freight  aggregated  75  per  cent,  or  so 
of  the  total  traffic  the  scale  would  not  have  been  placed  on  the  hump 
at  this  terminal. 

"Another  question  of  considerable  importance  is  the  placing  of  a 
second  track  over  the  hump.  Such  a  detail  of  design  is  certain  to 
present  itself  to  consideration  in  the  study  of  yard  work,  it  being 
manifest  that  derailment  on  a  single  throat  track  will  entirely  tie  up 
the  yard  and  that  the  ordinary  maintenance  work  of  renewal  of  rails, 
ties,  fittings,  etc.,  will  also  stop  shifting  work  unless  some  emergency 
throat  is  constructed.  In  attempting  to  provide  an  emergency  track 
of  this  kind  I  found  it  to  be  impossible  to  design  one  which  would 
not  unfortunately  affect  the  grade  arrangements  so  as  to  delay  freight 
movements  into  the  yard,  and  the  matter  resolved  itself  into  abandon- 
ing the  emergency  throat  track  as  involving  greater  injury  than  it  was 
designed  itself  to  prevent.  It  needs  no  discussion  to  point  out  the 
futility  of  trying  to  bring  two  bunches  of  cars  simultaneously  into  a 
given  yard  by  the  use  of  two  throat  tracks.  No  competent  operating 
man  would  undertake  such  method  of  handling  cars,  and  this  feature  of 
the  emergency  throat  track  need  not  be  considered. 

"Another  matter  that  is  emphasized  in  my  own  experience  is  a 
provision  at  the  outlet  end  of  the  classification  yard  for  grouping 
together  the  different  classes  of  cars  to  make  up  fast-freight  trains  at 
a  speed  which  is  sufficiently  great  to  meet  the  demands  of  the  oper- 
ating department.  This  work  I  have  thought  could  usually  be  done 
by  tail  switching  at  the  outlet  end  of  the  classification  yard,  but  in 
one  case  it  has  developed  that  a  second  hump  must  be  introduced  for 
this  purpose.  This  particular  item  of  work  is  an  essential  item  in  any 
yard  and  should  be  fully  considered.  It  is  sometimes  lost  sight  of  in 
yard   design." 

We  have  also  the  following  remarks  from  Mr.  Samuel  Rockwell, 
Chief  Engineer  of  the  Lake  Shore  &  Michigan  Southern  Railway,  and 
details  of  the  operation  of  the  two  yards  mentioned  are  given  in  Appen- 
dix A: 

"In  connection  with  the  New  York  Central  Lines  we  have  been 
figuring  on  a  large  hump  yard  near  Buffalo,  and  the  design  for  this 
yard  has  been  a  subject  carefully  considered  by  a  committee  selected 
from  the  operating  and  engineering  departments  of  both  roads  extend- 
ing over  the  best  part  of  two  years.  The  conclusions  reached  there, 
based  largely  upon  the  operation  of  the  Elkhart  and  Collinwood  yards, 
was  that  it  would  be  necessary  that  more  than  25  per  cent,  of  all  the 
cars  which  went  over  the  hump  needed  to  be  weighed  in  order  to 
justify  putting  a  scale  on  the  hump,  and  since,  with  the  character  of  the 
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business  which  this  yard  would  probably  have  to  handle,  there  would 
not  be  nearly  so  large  a  proportion  of  weigh  cars  as  this,  it  was 
decided  that  it  would  not  be  wise  to  put  scales  on  that  hump,  and  the 
plans  are  so  made  up." 

It  is  probable  that  Mr.  North  is  right  as  to  the  second  scale  and 
main  track,  but  we  cannot  agree  that  the  introduction  of  a  scale  in 
the  main  hump  track  diminishes  the  efficiency  of  the  hump  as  a  machine 
for  classifying  cars  to  the  extent  of  50  per  cent.  The  chairman  of  this 
Committee  knows  that  it  is  possible  to  classify  and  weigh  cars  at  the 
rate  of  300  cars  per  hour  over  one  scale  and  one  hump  for  a  limited 
time,  and  that  when  cars  are  crowding  the  classification  facilities  the 
trouble  is  generally  that  the  supply  of  men  to  handle  the  cars  is  inade- 
quate rather  than  that  the  hump  and  scale  are  overtaxed.*  (See  the 
replies  to  questions  Nos.  8  to  10  in  Appendix  A.) 

There  are  very  few  railways  with  double  track  and  mixed  traffic 
that  can  handle  trains  of  sufficient  size  to  enable  them  to  take  care  of 
this  volume  of  business,  and  it  is  also  true  that  very  few  roads  have 
this  volume  of  business  to  handle,  or  will  have  it  to  handle  in  the 
near  future. 

Therefore  the  question  of  loss  of  efficiency  on  account  of  the  pres- 
ence of  a  scale  on  a  properly  designed  hump  need  not  trouble  us  at 
present,  and  we  need  not  begin  to  consider  it  until  we  can  reasonably 
anticipate  a  possible  movement  in  one  direction  exceeding  5,000  cars  to 
be  weighed  and  classified  in  24  hours.  It  is  believed  that  long  before 
that  time  we  will  be  using  two  separate  yards,  each  with  its  hump  and 
scale,  one  to  be  used  for  fast  and  the  other  for  slow  freight.  This  will 
overcome  the  trouble  anticipated  from  overcrowding,  but  in  another 
and  better  way,  and  still  retaining  the  scale  on  the  main  hump  track 
to  be  used  whenever  and  to  whatever  extent  it  may  be  needed  and  with- 
out material  loss  of  time  or  efficiency   of  the  hump. 

The  suggestion  made  by  Mr.  North  that  this  work  can  be  done  by 
tail    switching   at   the   outlet   end    of   the    classification   yard    is    available 


•A  member  of  the  Committee  offers  the  suggestion  that  by  using  scales 
of  higher  capacity  than  are  ordinarily  required,  with  correspondingly  greater 
length  of  bearings,  the  objection  to  running  all  cars  over  the  scale  might  be 
greatly  reduced,  as  it  would  be  possible  to  avoid  the  use  of  a  dead  track 
and  to  place  the  scale  very  close  to  the  summit  of  the  hump. 

The  Committee  stated  in  its  report  of  1907  that  it  is  not  advisable  to 
run  any  cars  over  the  scale  that  are  not  to  be  weighed,  for  the  reason  that 
the  accuracy  of  the  weights  depends  largely  on  the  sharpness  of  the  bear- 
ings. When  the  edges  become  dull  the  friction  is  increased,  and  more 
weight  is  required  to  overcome  tlie   inertia   of  the  parts. 

When  the  proportion  of  cars  to  be  weighed  is  large  (say  approaching 
50  per  cent.)  there  would  probably  be  some  advantage  In  eliminating  the 
dead  track.  By  so  doing  the  scale  could  be  more  advantageously  placed,  and 
the  profile  of  the  hump  could  be  modified  somewhat  so  as  to  slightly  Increase 
its  capacity.  But  to  do  this  it  would  be  necessary  to  keep  a  stock  of  spare 
parts  on  hand,  to  be  used  to  replace  those  with  worn  bearings  as  often  as 
might  be  required.  This  would  cause  delay,  because  the  classification  would 
stop  while  the  scale  is  out  of  service.  The  Committee  has  stated  that  the 
principal  cause  of  delay  in  a  classification  yard  is  waiting  for  the  return  of 
car  riders,  and  it  is  not  probable  that  many  cases  will  be  found  where  any 
marked  advantage  would  be  secured  by  the  elimination  of  the  dead  track 
over  the  scale.  It  is  no  doubt  a  question  that  should  be  considered  In  con- 
nection with  the  proportion  of  cars  to  be  weighed. 
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only  where  the  volume  of  fast  freight  is  very  small,  otherwise  the 
delays  caused  by  this  method  of  handling  would  prohibit  its  use. 

Probably  the  most  important  matter  for  consideration  in  connection 
with  the  subject  of  prompt  and  economical  handling  of  freight  is  proper 
classification  as  to  character  and  destination.  Therefore  when  high-class 
freight  has  been  properly  grouped  it  should  not  be  again  mixed  with 
slow  freight  at  a  division  terminal  or  point  of  divergence,  but  with- 
out mixing  with  freight  of  different  character  should  be  classified  as  to 
destination  only  in  preparation   for   further   movement. 

We  do  not  need  to  omit  scales  from  humps  on  account  of  loss  of 
efficiency  caused  by  their  installation,  but  we  do  need  generally  better 
yard  design,  steeper  grades  between  the  summit  of  humps  and  the  receiv- 
ing ends  of  the  classification  tracks,  and  better  facilities  for  the  return 
of  car  riders. 

In  hump  yards  in  which  the  grade  approaching  the  hump  is  heavy 
the  cost  of  operation  is  excessive,  because  a  large  amount  of  power 
is  required  to  get  the  cars  to  the  summit.  In  some  cases  very  large 
engines  are  used.  In  other  cases  two  large  engines  are  coupled,  and 
in  many  cases  trains  that  were  hauled  into  the  yard  with  one  engine 
are  cut  into  two  or  more  sections  to  be  pushed  over  the  hump. 

In  some  cases  the  lack  of  room  has  caused  heavy  grades  approach- 
ing a  hump,  with  consequent  increase  in  cost  of  operation,  and  in 
many  places  where  lack  of  room  has  prevented  gravity  classification,  it 
could  be  successfully  employed  if  the  cars  could  be  handled  promptly 
on    approach    grades    that    are    too    heavy    for   operation    by   locomotives. 

We  present  therefore  as  a  suggestion  the  plans  of  works  that 
have  been  in  successful  operation  for  many  years  in  Pennsylvania  for 
operating  freight  traffic  over  short  routes  with  inclined  planes  (by 
cable)  instead  of  over  longer  routes  with  ordinary  grades  by  loco- 
motives. These  works  are  still  used  extensively,  notwithstanding  the 
fact  that  much  time  and  study  have  been  devoted  to  the  problem  of 
devising  cheaper  and  more  satisfactory  methods.  It  will  be  observed 
that  the  operation  is  generally  on  double  tracks,  the  cars  being  hauled 
up  by  a  wire  cable  first  on  one  track  and  then  on  the  other.  In  some 
cases  empty  cars  are  lowered  as  a  partial  counterpoise,  thereby  making 
it  possible  to  increase  the  load  to  that  extent.  (For  description  see 
Appendix   D.) 

It  is  thought  that  where  more  than  one  engine  is  required  to  push 
a  train  over  the  hump,  or  where  the  approach  grades  are  too  steep  to 
be  operated  successfully  or  economically  by  locomotives,  the  question  of 
substituting   stationary   power   is   worthy    of  consideration. 

FREIGHT    TRANSFER    BY    MOVABLE    PLATFORMS. 

We  have  been  unable  to  obtain  any  further  information  on  the 
subject  of  transferring  freight  by  means  of  movable  platforms,  as  no 
installations  using  this  method   are   known  to  be   in   service.    The   only 
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information,  therefore,  is  that  already  presented  in  our  last  report. 
This  showed  that  the  only  actual  application  of  the  suggested  system  was 
the  use  of  ordinary  flat  cars  as  an  auxiliary  or  emergency  measure 
at  a  transfer   with  fixed  platforms. 

TERMINAL  FREIGHT  HOUSES. 

A  plan  and  section  of  the  Grant  Street  freight  station  (Pittsburg) 
of  the  Pennsylvania  Lines  are  shown  in  Fig.  i.  The  building  is  365x155 
ft.,  and  is  two  stories  high.  The  method  of  handling  freight  is  about 
as   follows,  from  information  furnished  by  Mr.  W.  C.   Gushing: 

The  inbound  freight  is  of  two  kinds,  car  loads  and  less  than  car 
loads.  The  former  does  not  enter  the  house,  the  freight  being  delivered 
from  cars  to  teams.  The  latter  is  set  into  the  house  during  the  night 
and  in  the  forenoon,  and  is  trucked  from  the  cars  to  the  elevators,  of 
which  there  are  four,  of  four  tons  capacity  each.  These  elevators  are 
hydraulic,  with  a  speed  of  20  ft.  per  minute,  and  are  10  by  16  ft.  in  size. 
The  number   of   freight   handlers   employed   is    17. 

All   of   the   inbound   freight   is   taken   to   the   upper   floor    in   the   ele- 


Fig.   2.    FouR-STORY    Freight   St.mion   and   Warehouse   at    Pittsburg  ; 
Wabash-Pittsburg  Terminal  Ry. 


vators  and  (klivercd  on  that  floor  to  the  teams,  the  haul  being  all 
downhill.  After  the  cars  are  empty,  they  arc  reloaded  outbound  from 
the  platforms  on  the  lower  level,  the  teams  delivering  the  freight  to 
the   platforms    from   the   lower   level    driveway. 
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The  arrangement  of  the  combined  terminal  freight  station  and 
warehouse  of  the  Wabash-Pittsburg  Terminal  Railway  is  shown  in 
Fig.  2.  It  is  a  four-story  steel  building  about  60  ft.  in  width,  with  the 
team  delivery  on  the  first  floor,  and  the  tracks  at  the  fourth  floor  level 
(about  60  ft.  above  the  street).  There  are  three  tracks  on  one  side 
and  two  tracks  on  the  other  side.  The  intermediate  floors  are  used 
for  storage  and  private  warehouse  purposes,  as  in  the  Newark  and 
Pittsburg  terminal  warehouses  described  in  the  Committee's  report  of 
1908.  The  building  has  one  lo-ton  plunger  elevator  and  five  5-ton 
plunger  elevators.  Freight  from  the  cars  is  loaded  upon  three-wheeled 
trucks.  Four  or  five  of  tliese  trucks  are  run  upon  an  elevator  and 
carried  to  the  intermediate  floors  for  storage,  or  to  the  bottom  floor 
for  delivery  to  wagons.  Freight  received  by  wagons  is  disposed  of  in 
the  same  way  for  delivery  to  storage  or  to  cars.  Thus  intermediate 
handling  of  the  freight  is  avoided.  None  of  the  cross  streets  are  inter- 
fered with  by  this  building,  the  freight  house  (or  first  floor  portion) 
being  interrupted  to  let  the  streets  pass  through. 

At  important  points  and  large  cities  there  is  an  increasing  use  of 
terminal  freight  stations  having  upper  floors  for  warehouse  and  storage 
purposes.  These  are  for  handling  freight  in  less-than-carload  lots. 
Team  tracks  for  car-load  freight  may  then  be  provided  on  the  surface 
in  the  manufacturing  districts  rather  than  in  the  business  centers,  where 
package  freight  is  'usually  handled.  This  arrangement  for  siich  localities 
may,  as  a  rule,  give  material  economic  advantages  over  the  ordinary 
one-story  building.  In  the  latter  it  is  difficult  to  avoid  an  excessive 
amount  of  trucking  over  long  horizontal  distances,  as  noted  later  in 
regard  to  freight  handling  machinery.  But  with  a  building  having 
upper  floors,  much  of  the  movement  must  be  effected  by  elevators,  and 
the  movement  can  be  effected  rapidly  and  economically  by  means  of  an 
ample  number  of  elevators. 

A  two-story  freight  transfer  house  might  be  found  economical  in 
certain  cases,  owing  to  the  use  of  elevators  and  the  saving  in  ground 
area.  All  freight  to  be  transferred  would  be  elevated  and  then  trucked 
over  an  unobstructed  floor  to  the  elevators  feeding  the  cars  into  which 
the  freight  is  to  be  placed. 

The  one-story  terminal  freight  house  is  the  type  in  most  general 
use,  and  some  modern  arrangements  are  here  illustrated.  In  Fig.  3  is 
the  cross-section  of  the  terminal  freight  house  of  the  Missouri  Pacific 
Railway  at  the  State  Line  Yards  in  Kansas  City.  There  is  one  truck- 
ing platform,  with  three  tracks  between  this  and  the  inbound  house,  and 
four  tracks  between  it  and  the  outbound  house.  The  general  plans  of 
the  Pennsylvania  Lines  freight  &nd  transfer  house  at  Columbus,  Ohio, 
and  freight  house  at  Indianapolis,  Ind.,  are  shown  in  Figs.  4  and  5.  The 
length  and,  car  capacity  of  the  tracks  of  the  Indianapolis  freight  houss 
are  as  follows : 
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180 
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Total  length,  3,280  ft.  Total  car  capacity,  78  cars. 

With  reference  to  the  general  arrangement  of  buildings  and  plat- 
forms and  the  track  layout  of  freight  terminals,  Mr.  Rockwell,  Chief 
Engineer  of  the  Lake  Shore  &  Michigan  Southern  Railway,  submits  plans 
of  the  recent  freight  layout  on  the  Middle  Ground  at  Toledo.  These 
are  shown  in  Figs.  6  and  7. 

The  result  obtained  with  this  layout  is  about  as  follows :  In  the 
old  house,  which  this  supersedes,  29  gangs  of  six  men  each  handled 
200  cars  in  24  hours  at  a  cost  of  about  45  cents  per  ton.  In  the  pres- 
ent houses,  the  same  amount  of  work  is  done  with  17  gangs  of  six 
men  each  at  a  cost  of  about  35  cents  per  ton.  It  is  estimated  that 
when  business  increases  sufficiently  so  that  there  will  need  to  be  handled 
400  cars  in  24  hours,  it  can  readily  be  done  with  30  gangs  at  a  cost  of 
not  to  exceed   30  cents   per  ton. 

Particulars  of  a  large  modern  freight  terminal  station  on  a  British 
railway,  with  a  large  equipment  of  freight  handling  cranes,  are  given 
in  Appendix  E. 

FREIGHT    HANDLING    AND    CONVEYING    MACHINERY. 

Your  Committee's  inquiries  in  this  direction  have  been  mainly  bar- 
ren of  practical  results,  and  there  appear  to  be  no  conveyors  in  use 
in  ordinary  freight  houses.  Inquiries  sent  to  a  large  number  of  manu- 
facturers of  machinery  of  this  kind  have  failed  to  bring  to  light  a 
single  installation,  although  several  state  that  their  machinery  is  applicable 
to  the  service.  In  a  few  cases,  conveyors  are  used  for  loading  and 
unloading  cars  at  industrial  establishments  and  at  steamship  piers. 
This  latter  case  was  considered  in   our   1908  report. 

For  handling  heavy  or  bulky  freight  at  yards,  cranes  are  very 
generally  used.  These  may  be  fixed  jib  cranes,  or  overhead  cranes 
of  diflferent  classes.  The  latter  usually  span  one  or  more  tracks  and 
a  driveway,  so  as  to  transfer  the  articles  between  cars  and  wagons. 
These  may  be  classed  as  follows,  the  bridge  in  each  case  carrying  a 
trolley  hoist  which  travels  upon  it:  (i)  the  bridge  fixed;  (2)  the 
bridge  traveling  on  an  elevated  runway;  (3)  the  bridge  carried  by 
towers,  which  travel  on   surface  tracks. 
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Fig.  s.     Plan  of  Freight  Station  at  Indianapolis,  Ind.  ;   P.,  C,  C.  & 

St.  L.  Ry. 
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For  handling  freight  in  a  warehouse,  pier  shed  or  freight  house, 
the  following  systems  may  be  used:  (i)  Conveyors  (roller,  chain,  belt, 
platform,  etc.);  (2)  overhead  traveling  cranes;  (3)  carrier  systems. 
Freight  handling  in  railway  storage  warehouses  was  described  in  our 
1908  report,  and  particulars  of  the  extensive  crane  equipment  in  a 
British  railway  freight  warehouse  are  given  in  Appendix  E. 

Freight  handling  by  machinery  may  be  divided  into  two  classes: 
First — In  warehouses  and  steamship  piers,  where  the  movement  is 
mainly  longitudinal.  Second — In  freight  houses,  where  there  are  numer- 
ous movements  in  different  directions.  The  former  case  is  much  the 
simpler,  but  it  may  be  found  practicable  to  introduce  mechan'cal  han- 
dling, so  as  to  reduce  the  amount  of  trucking  in  the  latter  case.  The 
Committee  calls  special  attention  to  the  opinions  quoted  below,  espe- 
cially that  expressed  by  Mr.  Starr,  of  the   Pennsylvania  Lines : 

"First — The  Pennsylvania  System  has,  so  far  as  I  know,  no  ma- 
chinery whatever  at  freight  warehouses  for  the  purpose  of  handling 
freight  from  and  to  platforms,  in  or  out  of  cars,  nor  for  the  purpose 
of  transferring  between  cars.  We  have  a  few  city  warehouses  of 
what  is  termed  double-deck  design,  where  the  freight  is  transferred 
between  the  truck  and  car  platforms  by  means  of  elevators. 

"There  is,  in  my  judgment,  a  wide  field  for  improvement  in  the 
railways'  methods  of  handling  freight  to  and  from  cars,  and  I  believe 
that  a  great  deal  of  money  could  be  saved  by  properly  equipping  some 
of  the  larger  freight  warehouses  with  suitable  devices  for  handling 
freight.  This  particular  feature  of  our  business  has  been  neglected, 
and  I  think  you  would  be  doing  a  good  work  in  calling  the  attention 
of  the  railways  to  that  fact.  Many  manufacturing  plants  whose  busi- 
ness is  small  compared  with  one  of  our  large  freight  warehouses,  are 
far  ahead  of  us  in  the  use  of  labor-saving  machinery  for  transporting 
material. — A.  B.  Starr  (General  Superintendent  of  Freight  Transporta- 
tion,  Pennsylvania  Lines)." 

"Second — In  relation  to  the  use  of  freight  handling  and  conveying 
machinery  in  railway  freight  houses,  transfer  houses  and  warehouses, 
I  beg  to  advise  that,  with  the  exception  of  fixed  and  traveling  cranes, 
which  are  a  necessity,  I  know  of  no  machinery  such  as  movable  plat- 
form, overhead  trolleys  or  conveyors,  that  would  in  any  way  increase 
the  efficiency  of  a  proper  truck  service,  or  taking  the  place  of  such 
service.  We  have  no  freight  houses  that  are  equipped  with  other  than 
trucks  and  suitable  cranes. — F.  P.  Abercrombie  (Superintendent  New 
Jersey  Division,   Pennsylvania   Railroad)." 

"Third — For  general  merchandise,  I  think  a  moving  platform  might 
be  economical  in  a  freight  house  where  a  large  amount  of  business  is 
done.  At  a  point  where  the  area  available  is  insufficient  to  handle  the 
business  on  one  floor,  the  freight  house  should  have  several  floors,  with 
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elevators  in  addition  to  the  moving  platform.  Special  conveyors  may 
be  used  for  special  business. — C.  F.  W.  Felt  (Chief  Engineer,  Gulf, 
Colorado  &  Santa  Fc  Railway).'' 

"Fourth — The  conditions  under  which  it  is  necessary  to  handle 
freight  at  freight  houses  and  transfer  stations  differ  so  materially 
that  it  is  difficult  to  outline  any  standard  arrangement  of  machinery  or 
carriers  which  could  be  used  to  advantage.  At  our  Watertown  trans- 
fer house  we  handle  a  large  number  of  carriages,  and '  we  have  an 
overhead  trolley  system,  extending  from  the  receiving  platform  to  the 
cars,  so  that  it  is  not  necessary  to  truck  this  freight  other  than  to 
place  it  in  the  car.  At  our  piers  at  New  York  terminals  we  have 
barrel  conveyors,  which  are  used  for  running  flour,  etc.,  from  the  cars 
to  the  lofts  for  storage,  and  from  the  lofts  to  the  loading  platforms. 
We  also  have  special  machinery  for  the  handling  of  raw  sugar  in 
bags. — F.  E.  Williamson  (Superintendent  of  Terminals,  New  York 
Central  Lines)." 

"Fifth — For  a  transfer  house  with  a  large  business,  a  telpherage 
system  for  handling  large  loads  of  freight  could  be  used  advantageously. 
I  do  not  think  this  would  be  economical  for  a  freight  station,  as  the 
articles  handled  would  vary  too  much  in  quantity  and  kind. 

"We  proposed  to  install  at  Pier  No.  8,  Locust  Point,  Baltimore 
(now  under  construction),  a  telpherage  system,  designed  to  carry  large 
loads  of  freight  and  distribute  it  at  the  various  points  throughout  the 
house,  and  also  deliver  it  to  cars  or  wagons.  This  system  consists  of 
steel    runways,    on    which    are    operated    electric    hoists    and    travelers. 

"This  is  the  only  point  at  which  we  contemplate  at  this  time  instal- 
ling machinery  for  the  purpose  of  aiding  the  distribution  of  freight.  At 
Chicago,  we  have  elevator  connection  with  the  subway,  by  which  cars 
from  the  subway  are  raised  to  the  elevation  of  our  freight-house  floor 
and  jun  on  tracks  for  unloading.  This  facilitates  the  receiving  of 
freight  from  the  subway,  but,  of  course,  does  not  affect  the  distribution. 
— G.    L.    Potter    (Third    Vice-President,    Baltimore    &    Ohio    Railroad)." 

"Sixih^ About  a  year  ago,  I  endeavored  to  make  a  study  of  this 
question  with  a  view  to  adopting  some  method  of  mechanical  handling 
of  merchandise  freight  at  some  of  our  most  important  freight  stations. 
The  need  of  mechanical  appliances  in  this  connection  is  much  greater 
in  connection  with  a  large  inbound  freight  house  than  it  is  in  a  modern 
outbound  house,  where  the  arrangements  are  usually  such  that  the 
trucking  of  freight  is  reduced  to  a  minimum.  I  confined  my  atten- 
tion, therefore,  to  the  question  of  the  inbound  house. 

"There   seem   to  be   two   or   three    main    points   to   be    considered : 

"(A)  The  utilization  of  every  possible  square  foot  of  floor  space 
for   storage   purposes. 

"(B)  The  transportation  of  the  freight  from  any  point  in  the 
house  to  any  other  point  in  the  house   (including,  if  you  please,  delivery 
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on  wagons  standing  at  the  doors)  by  mechanical  means  with  the  great- 
est amount  of  rapidity  and  the  least  possible"  interference  with  other 
operations    that    might    be    going    on    within    the    house    simultaneously. 

"(C)  The  problem  of  handling  in  this  manner  miscellaneous  pack- 
ages of  all  sizes,  shapes  and  weights. 

"I  consulted  a  good  many  manufacturers,  engineers  and  a  number 
of  freight  house  employes  who  were  thoroughly  familiar  with  the  prac- 
tical everyday  workings  of  the  business.  I  came  to  the  conclusion  that 
to  meet  all  of  the  requirements,  there  was  only  one  machine  that  could 
be  favorably  used,  namely,  an  electric  traveling  crane,  supplemented,  per- 
haps, by  two  trolley  hoists  operating  for  the  full  length  of  the  house, 
one  on  each  side,  and  depending  upon  the  design  of  the  house  itself, 
whether  they  operate  immediately  inside  the  walls  or  immediately  out- 
side  the  walls. 

"The  methods  which  seemed  the  most  practical  to  me  for  the 
handling  of  small  package  freight,  was  by  means  of  stoutly  constructed 
platforms  of  convenient  size,  having  chains  attached  to  the  four  corners, 
which  could  be  swung  from  the  hook  of  the  crane.  Several  of  these 
could  be  placed  conveniently  near  the  door  where  a  car  was  being 
unloaded  and  the  freight  deposited  directly  upon  them  by  men  who 
were  breaking  out  the  car.  They  could  then  be  handled  either  by  the 
trolley  hoist  or  the  traveling  crane,  or  both,  and  set  down  at  any  spot 
in  the  freight  house  where  it  might  be  desired  to  place  them  for  stor- 
age, or  placed  directly  on  the  wagon  waiting  to  receive  them,  platform 
and  all.  The  size  of  the  platform  could  be  made  to  conform  as  nearly 
as  practicable  to  the  average  size  of  the  ordinary  freight  transfer  truck 
or  wagon. 

"The  problem  which  I  was  endeavoring  to  solve  had  some  very 
important  limitations  and  restrictions,  on  account  of  our  being  obliged 
to  apply  it  to  a  building  originally  designed  with  no  idea  of  anything 
of  this  nature.  I  believe  it  would  not  be  at  all  difficult  in  the  building 
of  a  new  freight  house  to  so  design  it  to  allow  for  the  mechanical 
handling  of  freight  along  the  lines  indicated  above,  and  doing  it  with 
rapidity  and  economy  of  operation  which  would  reduce  by  at  least 
50  per  cent.,  and  probably  more,  the  expense  that  is  now  incurred 
in  the  ordinary  inbound  house,  where  the  freight  is  handled  entirely 
by  hand.  Of  course,  this  same  idea  could  be  enlarged  and  elaborated 
upon  in  connection  with  combined  freight  and  storage  houses,  where 
it  is  desirable   to  utilize  two   or   three   floors   of  the   building. 

"So  far  as  I  can  see,  this  plan  seems  to  be  the  most  feasible  of 
any  that  have  been  suggested  up  to  the  present  time  for  the  handling 
of  miscellaneous  package  freight  in  an  inbound  freight  house. — Geo.  G. 
Yeomans    (Assistant    to    the    President,    Wabash    Railroad)." 

Cranes  are  used  in  some  warehouses,  but  as  a  rule  the  height  of 
the  ordinary  freight  house  is  not  sufficient  to  permit  the  use  of  an 
overhead    traveling    crane.    A    railway    warehouse    in    Scotland    has    re- 
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volving  cranes  (with  horizontal  booms)  suspended  from  runways.  These 
give  greater  flexibility  and  capacity  than  an  overhead  traveling  crane 
with  hoisting  trolley.     (See  Appendix  D.) 

Traveling  hoist  installations  have  been  planned.  One  manufacturer 
states  that  he  has  figured  on  several  such  installations,  but  that  with 
enough  trackage  to  cover  the  floors  satisfactorily  the  cost  is  so  high  that 
the  proposition  is  usually  dropped.  In  some  of  these  systems  there  is  a 
"herringbone"  arrangement ;  the  main  runway  extends  through  the 
central  bay  of  the  building.  On  this  travels  a  bridge  for  the  hoist. 
At  intervals  there  are  branch  runways  at  right  angles  to  the  main 
runway.  The  bridge  can  be  stopped  in  line  with  any  one  of  these 
and   the  trplley   hoist   run   out  on  the   spur. 

At  the  appraisers'  warehouse  in  New  York  there  are  four  I-beam 
runways  with  four  double-motor  electric  traveling  hoists.  These  hoists 
are  used  for  carrying  freight  from  the  warehouse  to  wagons  on  the 
outside. 

In  the  telpherage  system,  the  trolley  hoist  handles  wheeled  plat- 
forms or  trucks.  This  was  described  in  our  igo8  report,  and  (as  stated 
elsewhere)  it  is  to  be  used  at  Baltimore  by  the  Baltimore  &  Ohio 
Railroad. 

Gravity  conveyors  include  inclines  and  spiral  chutes.  The  former 
are  used  in  several  industrial  plants.  The  floor  is  composed  of  rollers. 
One  form  of  spiral  chute  was  described  in  our  report  of  1908.  This 
has  a  spiral  platform  in  the  annular  space  between  two  steel  cylinders 
extending  from  top  to  bottom  of  the  warehouse.  Other  systems  have 
an  open  spiral  trough,  or  a  spiral  frame  carrying  a  floor  of  rollers. 

At  the  Minnesota  Transfer,  near  St.  Paul,  about  1,700  ft.  of  a 
portable  gravity  conveyor  system  is  used  for  unloading  shingles  and 
lumber  from  railway  cars,  and  distributing  them  through  the  yard  and 
warehouse.  There  are  two  parallel  rows  of  small  wheels  or  rollers 
forming  the  conveyor,  and  their  frames  are  supported  at  intervals  by 
light  steel  cross  frames  or  bents.  The  grades  may  be  from  3  to  4 
per  cent.  The  Virginia  Street  Dock  &  Warehouse  Company,  of  Seattle, 
uses  the  same  system  for  carrying  packages  from  steamers  into  the 
warehouse  and  from  the  warehouse  to  cars  and  local  steamers.  A 
similar  system,  but  with  rollers  forming  the  floor,  is  used  at  some  of 
the  shipping  stations  of  the  Anheuser-Busch  Brewing  Association.  This 
is  shown  in  Fig.  8. 

Various  systems  of  belt,  roller,  chain  and  platform  conveyors  are 
in  extensive  use  in  industrial  establishments  and  warehouses.  In  many 
cases  they  are  operated  in  connection  with  elevators  and  inclines  for 
raising  and  lowering  the  packages. 

The  general  opinion  seems  to  be  that  there  is  no  machinery  or 
conveyor  equipment  that  can  successfully  handle  freight  in  ordinary 
freight  houses,  and  that  it  would  be  difficult  to  devise  a  satisfactory 
equipment    for"  such    service.    The    special    difficulties    are:     First — the 
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great  variety  in  shape,  size  and  weight  of  the  packages;  Second — the 
fact  that  packages  delivered  by  teams  at  the  various  doors  have  to  be 
distributed  to  cars  at  various  points  on  the  other  side  of  the  house. 
Ordinary  conveyors  are  not  adapted  to  this  service,  being  more  suitable 
for  carrying  packages  between  fixed  points  of  receipt  and  delivery. 


Fig.  8.  Inclined  Roller  Conveyor  for  Delivering  Packages  to  Cars 
AT  Anheuser-Busch  Co.'s  Loading  Station;  St.  Louis,  Mo. 
(Alvey-Ferguson   Co.,  Builders.) 

Two  possible  methods  of  handling  freight  between  variable  points 
are  movable  platforms  for  the  packages,  or  means  of  moving  the  trucks 
by  mechanical  power  so  as  to  reduce  the  time  and  labor  involved  in 
moving  them  by  hand  over  long  distances.  A  traveling  platform  level 
with  the  floor  has  been  devised,  moving  at  slow  speed,  so  that  men, 
trucks  and  teams  can  cross  it.  As  proposed  for  an  inbound  freight 
house  of  the  Baltimore  &  Ohio  Railroad,  the  moving  platform  would 
form  a  belt  line;  one  side  would  be  near  the  track  side  and  the  other 
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delivered  at  the  end  or  from  a  steamer  has  to  be  transferred  for  a 
considerable  part  of  the  length  of  the  pier. 

near  the  team  delivery  side.  Packages  (or  trucks)  from  the  cars  would 
be  dropped  on  the  moving  platform.  The  house  would  be  divided  into 
sections,  with  a  man  to  each,  and  each  man  would  pull  off  the  platform 
the  freight  for  his  section  as  it  passed  him.  In  another  system,  the 
platform  would  be  a  single  line  only,  the  return  side  being  underground. 
This    was    designed    more    particularly    for    steamer   piers,    where    freight 


iuG.  y.  Teli'jier.\ge  Fkejght  Handling  System  at  the  Dock  of  the 
Old  Dominion  Steamship  Co.;  Richmond,  Va.  (Dodge  Coal  Stor- 
age Co.,  Builders.) 


For  handling  the  trucks,  the  Committee  is  able  to  present  informa- 
tion as  to  two  systems:  (i)  An  overhead  runway  system;  (2)  An 
underground  cable  system. 

(i)  The  telpherage  or  overhead  system  may  be  described  here,  as 
it  is  in  use  at  a  steamship  pier,  and  is  to  be  introduced  for  the  same 
purpose  by  the  .Baltimore  &  Ohio  Railroad.  (This  is  the  Dodge  system.) 
In  this  system  a  pair  of  trolleys  riding  on  an  elevated  runway  carry 
a  frame  with  hoists  for  raising  and  lowering  trucks  or  wheeled  plat- 
forms.    Current   for    electric   traction   is    taken    from    an   overhead    wire. 
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and  an  attendant  riding  with  the  machine  controls  the  traveHng  and 
hoisting  movements.  Tliis  system  has  been  in  operation  for  about  four 
years  on  the  pier  of  the  Old  Dominion  Steamship  Company,  at  Rich- 
mond, Va.  It  handles  3-ton  loads  between  the  wharf  and  the  railway 
warehouse  and  cars.  This  is  shown  in  Fig.  9.  It  is  said  to  show  a 
great  saving  in  cost  over  the  old  hand-truck  method,  besides  being  able 
to  handle  freight  more  rapidly  and  with  much  greater  ease. 

A  telpherage  installation  designed  for  the  Bergen  (N.  J.)  freight 
house  of  the  Erie  Railroad  is  shown  in  Fig.  10.  There  are  three  plat- 
forms, each  1,400  ft.  long,  and  three  telpher  tracks  (one  over  the  center 
of  each  platform)  connected  by  loops  at  the  ends.  Ten  telpher  machines 
operating  at  one  time  on  the  three  tracks,  all  machines  following  each 
other  in  the  same  direction  around  the  loop,  as  shown  by  arrows,  would 
provide  for  a  movement  of  1,000  tons  of  freight  per  day  of  20  hours. 
Each  machine  was  required  to  make  one  round  trip  of  3,000  ft.  in  six 
minutes  (at  the  rate  of  10  trips  per  hour).  The  average  speed  would 
therefore  be  500  ft.  per  minute,  including  all  stops  and  slow-downs,  and 
the  maximum  speed  of  traveling  will  be  1,500  ft.  per  minute.  The 
telpher  carrier  is  shown  in  Fig.    11. 

The  cycle  of  operations  is  as  follows :  Each  telpher  passing  along 
telpher  track  "A"  stops  over  a  loaded  truck,  which  has  been  placed 
directly  beneath  the  telpher  runway.  The  operator  lowers  the  bail,  en- 
gaging the  hooks  with  the  ends  of  the  carrier,  and  hoists  the  load 
(maximum  distance  15  ft.).  The  telpher  then  runs  in  the  direction  of 
the  arrow,  and  takes  either  track  "B"  or  "C,"  as  required,  and  stops 
at  some  designated  point,  lowers  the  truck,  which  automatically  dis- 
engages itself  from  the  bail  on  touching  the  floor.  The  telpher  then 
continues  and  picks  up  an  empty  truck  (in  waiting  directly  beneath  the 
telpher  runway)  and  returns  to  track  "A."  It  lowers  the  empty  carrier 
and  proceeds  to  the  next  loaded  one,  thereby  completing  its   cycle. 

The  cost  of  handling  freight  in  the  above  manner  has  been  figured 
at  5  cents  per  ton.  This  is  based  on  carrying  an  average  load  of  only 
1,000  lbs.  at  each  trip,  although  the  machines  were  to  have  a  maximum 
capacity  of  2,000  lbs.,  which  seemed  to  be  sufficient  to  handle  the  bulk 
of  the  freight.  This  cost  per  ton  is  also  based  on  electric  power  sup- 
plied at  4  cents  per  kilowatt  hour,  and  a  telpher  rider  at  20  cents  per 
hour.  This  does  not  include  the  labor  for  loading  the  freight  onto  the 
trucks  and  placing  them  beneath  the  telpher  runway,  nor  for  unloading 
the  trucks  and  replacing  them  under  the  runway.  The  figures  given 
above  are  those  of  the  manufacturers  of  this  system. 

This  same  system  has  been  proposed  for  connecting  freight  houses 
and  steamship  piers,  and  plans  were  made  for  an  installation  for  the 
Illinois  Central  Railroad  at  Nonconnah,  Tenn.  This  was  to  transfer  logs 
and  cotton  bales  between  river  barges  and  railway  cars,  and  the  telpher 
carriers  were  to  handle  lo-ton  loads.  None  of  these  plants  have  been 
installed. 

The    Memphis    Warehouse    Company    has    overhead    trolley    tracks 
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(Breck  s\'stem)  for  handling  cotton.  The  trolleys  are  not  motor- 
driven,  however,  but  the  tracks  have  a  slight  grade  so  that  the  load 
moves  by  gravity.  The  grade  begins  at  the  beginning  of  the  inbound 
platform  and  extends  through  the  plant  to  the  end  of  the  outbound 
platform,  a  distance  of  about  iJ4  miles.  The  arrangement  permits  of 
placing  four  (or  even  six)  trains  of  25  cars  each  at  the  inbound  plat- 
forms at  'one  time,  without  "spotting."  This  makes  it  possible  for  one 
switching  engine  and  crew  to  do  the  work,  while  ordinarily  three  or 
four  engines  would  be  required.  There  arc  about  three  miles  of  the 
trolley  runway  and  six  miles  of  railway  tracks.  The  cost  of  handling 
by  the  telpherage  system  is  said  to  be  only  about  one-eighth  of  the 
cost  of  teaming.  The  company  has  an  extensive  cotton  warehouse  and 
compress  plSnt,  with  storage  capacity  under  cover  for  about  125,000  bales. 

(2)  A  system  of  handling  freight  trucks  by  a  traveling  chain  has 
been  patented  by  a  firm  of  conveyor  manufacturers,  and  is  intended  to 
reduce  the  labor  of  the  trucking  in  a  longitudinal  direction.  The  idea 
was  to  devise  a  system  that  would  provide  for  taking  freight  from  any 
car  along  the  platform  and  delivering  it  to  any  other  car  as  conditions 
require.  In  order  to  accomplish  this,  it  was  found  desirable  to  use  the 
ordinary  hand-truck,  with  slight  modifications,  so  that  it  can  readily 
be  wheeled  around  from  one  place  to  another  by  manual  labor  when 
desired.  The  truck  travels  upon  a  narrow-gage  track,  and  is  provided 
with  special  attachments  to  engage  an  endless  chain  set  underneath  the 
track.  This  driving  chain  lies  entirely  beneath  the  floor,  and  is  out 
of  the  way.  As  there  is  only  a  groove  i  in.  wide  in  the  floor,  there 
is  no  danger  of  accidents,  and  the  floor  is  left  entirely  clear  to  truck 
across  or  walk  upon  at  any  time. 

An  interlocking  roller  chain  is  provided  for  the  purpose  of  giving 
motion  to  the  trucks.  This  chain  is  provided  at  regular  intervals  with 
a  lug,  which  is  arranged  to  engage  with  a  swinging  lug  which  is 
attached  to  the  axle  of  the  truck.  This  engagement  takes  place  the 
moment  that  a  truck  is  set  level  upon  the  track,  and  immediately  propels 
the  truck  forward  at  a  uniform  speed.  The  trucks  are  released  from 
engagement  immediately  after  they  are  raised  from  the  track,  or 
switched  off  the  main  track,  so  that  there  is  no  time  lost  in  engaging 
or  disengaging  the  trucks.  The  track  consists  of  a  flat  steel  rail,  set 
flush  with  the  floor.  It  is  practicable  to  place  switches  at  each  car,  so 
that  a  truck  may  be  switched  directly  from  the  conveyor  into  the  car 
door.  These  switches  may  be  set  at  whatever  intervals  conditions 
require,  and  may  all  be  controlled  from  a  central  point,  so  that  trucks 
may  be  automatically  carried  from  one  car  to  any  other.  When  a 
loaded  truck  is  delivered  at  the  car  door  it  can  then  be  picked  up 
and  wheeled  by  hand  through  one  car  into  another  or  back  to  the 
end  of  the  car  for  storing  this  load.  When  the  truck  is  empty,  it  is 
only  necessary  to  push  it  out  of  the  car  door  to  edge  of  platform,  where 
it  is  taken  up  by  the  conveyor  and  delivered  to  its  desired  destination 
for  another  load. 
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Fig.  12  is  a  general  plan  of  the  arrangement  and  Fig.  13  shows 
the  details.  This  conveyor  arrangement  can  be  adapted  to  operate 
through  two  or  more  floors  where  necessary,  as  the  design  includes 
provision  for  a  means  of  automatically  elevating  the  trucks  from  one 
floor  to  another.  The  trucks  can  be  moved  in  various  directions,  as 
conditions   may   require. 

-  The  quantity  of  freight  moved  will  depend  upon  the  speed  of  the 
conveyor  and  the  number  of  trucks  used.  It  is  proposed  to  run  it  at 
60  ft.  per  minute,  providing  one  truck  for  each  12  ft.  of  conveyor. 
The  trucks  are  estimated  to  carry  1,000  lbs.  each.  On  an  average,  this 
would  be  5,000  lbs.  of  freight  per  minute,  or  300,000  lbs.  per  hour, 
making  a  total  for  ten  hours'  work  of  1,500  tons.  This  would  probably 
answer  the  requirements  of  most  railway  transfer  houses,  or  at  least 
of  the  number  of  cars  which  could  be  located  alongside  of  one  transfer 
platform.  If  greater  capacity  should  be  required,  the  size  of  trucks 
could  be  increased,  as  could  also   the  speed  of  conveyor. 

Another  method  proposed  is  shown  in  Fig.  14.  Here  the  slow- 
moving  platform  is  flush  with  the  floor.  It  is  intended  more  particu- 
larly   for   piers   and    transfer   stations. 

Your  Committee  has  no  conclusions  to  present  as  to  this  matter, 
but  v/ould  recommend  that  consideration  be  given  to  the  practicability 
of   applying   freight-liandling   machinery   in    individual    cases. 

Respectfully    submitted, 

F.  S.   Stevens,   Superintendent,   Philadelphia   &   Reading  Railway,    Read- 

ing,  Pa.,   Chairman. 

E.  E.   R.   Tratman,   Resident    Editor,   Engineering   News,   Chicago,    111., 

V  ice-Chairman. 
Hadley  Baldwin,   Superintendent,    Cleveland,   Cincinnati,   Chicago   &   St. 
Louis  Railway,   M'attoon,  111. 

G.  H.  Burgess,  Principal  Assistant  Engineer,  Erie  Railroad,  New  York. 
L.  G.  CuRTLS,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Cliicago. 
A.  H.  Dakin,  Jr.,  Engineer,  Milwaukee  Terminal  Ry.,  Seattle,  Wash. 
H.  T.  Douglas,  Jr.,  Chief  Engineer,  Wheeling,  Lake  Erie,  Wabash- 
Pittsburg  Terminal  and  West   Side   Belt  Railways,   Cleveland,   Ohio. 

A.  C.  EvERHAM,  Assistant  Tunnel  Engineer,  Detroit  River  Tunnel  Com- 
pany,  Detroit,    Mich. 

A.  P.    Greensfelder,   Laclede    Building,    St.   Louis,    Mo. 

F.  G.    Jonah,    Terminal    Engineer,    New    Orleans    Terminal    Company, 
New   Orleans,  La. 

B.  PI.    Mann,    Signal    Engineer,    Missouri    Pacific    Railway    System,    St. 
Louis,  Mo. 

J.  D.  Mason,  Civil  Engineer,  Chicago,  111. 

A.  MoNTZHEiMER,^  Chief  Engineer,  Elgin,  Joliet  &  Eastern  and  Chicago, 
Lake  Shore  &  Eastern  Railways,  Joliet,  111. 
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G.    F.    Morse,    Assistant    Engineer,    Central    Railroad    of    New    Jersey 

New  York,  N.  Y. 
Samuel  Rockwell,   Chief  Engineer,    Lake   Shore  &   Michigan    Southern 

Railway,  Cleveland,  O. 
C.  S.   Sims,  Vice-President   and   General   Manager,   Delaware  &   Hudson 

Railroad,  Albany,  N.  Y. 
C.   H.   Spencer,  Engineer,  Washington   Terminal   Company.  Washington 

D.  C. 
C.  H.   Stein,  Engineer  Maintenance  of  Way,   Central   Railroad  of   New 

Jersey,  Jersey  City,  N.  J. 

Committee. 


Appendix    A. 

DETAILS   OF  OPERATION   OF   HUMP   YARDS. 

I.      BALTIMORE    &    OHIO    RAILROAD. 

(Brunswick,  Md. ;  Eastbound  Hump  Yard.) 

1.  iMaxipium  number  of  trains  entering  receiving  yard  in  one 
hour,    6. 

2.  Average  number  of  cars  per  train,  45. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  30 

4.  Number  of  cars  and  tonnage  in  average  train  pushed  over  hump: 

(a)  With  one    engine    weighing  72.5  tons,  45  cars,  3,000  tons. 

(b)  With  two  engines  weighing  72.5  tons,  40  cars,  3,350  tons. 

5.  Average   number  of  cuts   per  train,   23. 

6.  Percentage  of  cars  weighed  that  pass  over  tlie  Iiump,  2  per  cent 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  not  on  the  hump.  It  is  in  tiie  westbound  yard. 
Cars  are  switched  over  hump,  then  transferred  to  westliound  yard  and 
weighed.     The  latter  is  not  a  gravity  yard. 

10.  The  scale  should  be  on  the  hump,  between  the  apex  of  hump 
and  classification  yard  switches,  so  that  cars  going  over  the  hump  can 
be  weighed  as  the  trains  are  switched,  and  cars  dropped  in  proper 
track  in  the  classification  yards.  The  scale  located  in  westbound,  yard 
requires  freight  to  be  switched  and  taken  into  that  yard,  weighed  and 
returned  to   receiving  yard    and    rehandled    over   the    hump. 

11.  There  are  three  engines:  two  used  to  push  trains  over  the 
hump,  double-headed  with  heavy  trains ;  also  used  to  push  down  and 
couple  up  cars  on  tracks  in  classification  yard.  The  third  is  at  the  east 
end  of  classification  yard  to  make  up  trains,  etc. 

12.  The  hump  engine  keeps  its  train  moving  until  riders  are  all 
used. 

13.  The  average  classifying  capacity  of  the  hump  as  determined 
by   continuous    operation    is    as    follows : 

One  hour,  50  cars. 
Five  hours,  250  cars. 
Ten  hours,  500  cars. 

14.  One  hour  is  allowed  for  meals ;  one  engine  going  to  the  fire 
track  at  noon,  and  one  at  5  p.  m.,  for  coal  and  sand  and  to  have  fire 
cleaned. 

15.  The  hump  is  in  actual  operation  for  seven  jiours  out  of  ten, 
ten  hours  being  a  working  day. 
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i6.  There  are  ii  car  riders  employed.  They  walk  back  to  the 
hump  most  of  the  time.  When  the  engine  is  being  used  to  push  cars 
on  the  classification  tracks,  they  ride  back  on  the  engine. 

17.  The  number  of  car  riders  employed  is  only  enough  to  handle 
the  average  movement  with  nearly  continuous   operation. 

18.  The  proper  number  of  car  riders  to  employ  is  determined  from 
advance    reports.     The    riders    are    regulated    by    these    reports. 

19.  Electric  switches  are  used ;  they  require  one  man  by  day  and 
one   man   at   night. 

20.  No  advantage  can  be  gained  by  the  use  of  two  scales  on  a  hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to 
train  on  departure  track)    is  a  little  over   10  cents. 

2.      BALTIMORE     &     OHIO    RAILROAD. 

(New  Castle  Yard;  New  Castle  Junction,  Pa.     See  Fig.   15.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  4. 

2.  Average  number  of  cars  per  train,  50. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  12. 

4.  The  average  train  pushed  over  hump  with  one  50-ton  engine 
weighs  2,500  tons. 

5.  Average    number   of    cuts    per    train,    28. 

6.  Percentage  of  cars  weighed  that  pass  over  the  hump,  30  per  cent. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale   is  located  on  the   hump,  50  ft.   from   the   summit. 

9.  The  classifying  capacity  of  the  yard  is  not  diminished  by  placing 
the  scale  on  the  hump. 

11.  Three  engines  are  employed  regularly;  two  classifying  freight 
eastbound  and  westbound;  one  making  up  trains  for  the  west,  assisting 
to  handle  fast  freight  and  miscellanenous  yard  work. 

12.  The  hump  engine  does  not  keep  its  train  moving  continuously, 
but   stops   are   made   between   cuts. 

13.  The  classifying  capacity  of  the  hump  as  determined  by  con- 
tinuous operation  is  as  follows : 

Average.  Maximum. 

One  hour  25  75 

Five  hours    125  375 

Ten    hours    250  750 

One  day   600  1,700 

14.  One  hour  is  allowed  for  dinner,  one  hour  for  supper;  the 
engines  have  fires  cleaned  during  meal  hours. 

15.  The  hump  is  in  actual  operation  for  20  hours  in  a  calendar 
day   under   normal    operating    conditions. 
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i6.  There  are  five  car  riders  employed.  They  walk  back  to  the 
hump. 

17.  The  five  car  riders  are  able  to  handle  tiie  average  movement 
with  continuous  operation  of  hump. 

18.  As  to  determining  the  proper  number  of  car  riders,  the  five 
riders  are  sufficient  under  normal  conditions.  When  work  becomes  very 
heavy,  one  or  two  additional  are  put  on.  This  is  only  necessary  when 
there  is  considerable  increase  in  westbound  movement. 

19.  The  switches   are   operated  by  hand;    14   to   one    man. 

20.  No  advantage  can  be  gained  b>  the  use  of  two  scales  on  a 
hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to 
train   on   departure    track)    is   8^    cts. 

3.      BALTIMORE    &     OHIO     RAILROAD. 

(Holloway  Yard;  Holloway,   O.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  4. 

2.  Average   number   of  cars   per   train,   34. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  15. 

4.  The  average  train  pushed  over  hump  has  34  cars  and  weighs 
ii9i3   tons.     Only  one   engine   is   used,   weighing  96   tons. 

5.  Average   number  of  cuts   per  train,    15. 

6.  Percentage   of  cars  weighed   that  pass   over   hump,   70  per   cent. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  located  on  the  hump;  127  ft.  10  in.  from  the  summit. 

9.  The  scale  located  on  the  hump  does  not  diminish  the  classifying 
capacity  of  the  yard.     If  located  elsewhere  it  would  make  extra  switching. 

10.  The  hump  is  the  proper  place  for  the  scale. 

11.  There  are  two  locomotives  employed  in  the  yard,  one  being 
on  the  hump.  The  number  is  increased  or  decreased  as  business  war- 
rants. 

12.  The  hump  engine  makes  stops  between  cuts  to  allow  switch 
tenders   time   to  do  their  work. 

13.  The  classifying  capacity  of  the  hump,  as  determined  by  con- 
tinuous operation,  is  as  follows : 

Average.  Maximum. 

One  hour    20  70 

Five  hours   100  350 

Ten   hours    200  700 

One   day    400  1,400 

Note :     This    number    could    be    put    over,    but  the    yard    would 
hold  them  back. 

14.  One  hour  is  allowed  for  dinner  and  another  for  supper. 
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15.  The  engine  works  20  hours,  but  the  hump  is  actually  in  service 
normally  10  hours. 

16.  The  number  of  car  riders  employed  is  7.  They  walk  back  to 
the  hump.     The  number  is  regiilated  as  business  justifies. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle  the 
average  number  of  cars. 

18.  The  proper  number  of  car  riders  is  determined  according  to 
trains   reported   coming  and   anticipated   movement  outward. 

19.  The  switches  are  operated  by  hand ;  nine  to  one  man. 

20.  No  advantage  can  be  gained  by  the  use  of  two  scales  on  a 
hump. 

21.  The,  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  of?  on  receiving  track  until  road  engine  is  coupled  to 
train  on  departure  track)    is   11   cts. 

4.      CANADIAN    PACIFIC    RAILWAY. 

(Winnipeg  Yard.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  5. 

2.  Average  number  of  cars  per  train,  50. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  40. 

4.  One  6s-ton  engine  will  handle  2,500  tons  over  the  hump ;  two 
engines,  5,000  tons. 

5.  Average  number  of  cuts  per  train,  25. 

6.  None  of  the  cars  are  weighed  that  pass  over  hump. 

8.  The  scale  track  enters  hump  track  at  each   end  of  hump. 

9.  Whether  the  scale  or  the  hump  will  diminish  the  classifying 
capacity  of  the  yard  depends  largely  on  the  traffic  which  is  through 
yard  as  to  whether  the  scale  should  be  located  on  the  hump  or  alongside 
the  hump.  If  the  larger  number  of  the  cars  require  to  be  weighed,  it 
should  be  located  either  on  the  hump  or  at  some  place  in  the  approaches 
to  the  hump  where  the  velocity  of  the  cars  would  not  be  too  great 
to  have  them  weighed  while  moving.  When  a  small  percentage  of  the 
cars  are  to  be  weighed,  it  would  be  cheaper  to  run  them  over  the 
hump  and  have  a  reverse  movement  if  necessary  to  have  them  weighed, 
running  all  cars  into  a   track   used  for  that  purpose. 

11.  There    are   19   locomotives    employed   in   the   yard. 

12.  The   hump   engine   keeps   its    train   moving   continuously. 

13.  The  classifying  capacity  of  the  hump,  as  determined  by  continu- 
ous operation,  is  as  follows : 

One  hour,  100. 
Five  hours,  500. 

14.  One  hour  in  each  shift  is  allowed  for  meals,  and  for  changing 
engines  and  crews,  cleaning  fires,  etc. 

16.  From  5  to  10  car  riders  are  employed.  They  walk  back  to  the 
hump. 
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17.  Five  car  riders  are  sufficient  in  summer;  10  will  keep  con- 
tinuous switching  going  during  the   fall   rush. 

19.     The   switches   are   operated   by  hand ;    12   switches   to   one   man. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  ofif  on  receiving  track  until  road  engine  is  coupled  to 
train  on  departure  track)    is  5  cents. 


5.      CHICAGO    &    EASTERN    ILLINOIS    RAILROAD. 

(Haney,    111.;    Northbound    Yard.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  4. 

2.  Average  number  of  cars   per   train,  51. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  18. 

4.  One  engine  weighing  113  tons  can  push  51  cars  in  summer  and 
35  in  winter.  Two  engines  (113  tons  and  80  tons)  in  winter  can  push 
51    cars   over   the  hump. 

5.  Average  number  of  cuts  per  train,  35. 

6.  Percentage  of  cars  weighed  that  pass  over  hump,  20  per  cent. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  located  on  the  hump,  about  no  ft.  from  the  summit. 

9.  The  scale  located  on  the  hump  does  not  diminish  the  classifying 
capacity  of  the  yard. 

10.  The  scale  should  be  located  on  the  hump. 

11.  There  are  3  hump  engines  and  3  transfer  engines  in  winter; 
2  hump  engines  and  2  transfer  engines  in  the  summer. 

12.  The  hump  engine  keeps  its  train  moving  continuously  at  slow 
speed   over  the    hump. 

13.  The  classifying  capacity  of  the  hump,  as  determined  by  con- 
tinuous  operation,    is    as    follows: 

One  hour,  85  cars. 
Five  hours,  425  cars. 
Ten  hours,  850  cars. 

14.  One  hour  is  allowed  for  meals,  and  for  changing  engines  and 
crews,  cleaning  fires,  etc. 

15.  The  hump  is  actually  in  operation  8  to  11  hours  per  day  under 
normal  operating  conditions. 

16.  The  number  of  car  riders  is  from  12  to  16.  They  walk  back 
except  when   rushed,  when  a  carrying  engine  is  put  on. 

19.     The  switches  are  operated  by  hand,  8  to  one  man. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to 
train  on  departure  track)   is  10  cents. 
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6.      CHICAGO,    BURLINGTON     &    QUINCY    RAILROAD. 

(Yard  at  Galesburg,  III.     See   Fig.    i6  and  Appendix   B.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  8. 

2.  Average  number  of  cars  per  train,  51  cars. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  50. 

4.  The  average  train  pushed  over  the  hump  with  one  engine  (weigh- 
ing loi    tons)    has  51   cars    (i,5S9  tons). 

5.  Average   number   of  cuts  per   train,   31. 

6.  Percentage  of  cars  weighed  that  pass  over  hump,  25  per  cent. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  located  on  the  hump,  50  ft.  from  the  summit. 

9.  The  scale  located  on  the  hump  does  not  diminish  the  classifying 
capacity  of  the  yard. 

10.  The  scale  should  be  located  on  the  hump. 

11.  The  number  of  locomotives  employed  in  the  yard  is  six;  2 
hump  engines  that  shove  trains  over  the  hump,  2  carrying  engines  used 
in  carrying  riders  back  and  shoving  tracks,  2  sorting  yard  engines 
making  up  trains. 

12.  The  hump  engine  keeps  its  train  moving  continuously  at  slow 
speed  over  the  hump. 

13.  The  classifying  capacity  of  the  hump,  as  determined  by  con- 
tinuous  operation,    is    as    follows : 

One   hour,    100  cars. 
Five  hours,  500  cars. 
Ten  hours,   1,000  cars. 
One  day,  3,026  cars. 

14.  .  One  hour  is  allowed  for  meals,  and  for  changing  engines  and 
crews,  cleaning  fires,  etc. 

15.  The  hump  is  actually  in  operation  eight  hours  per  day  under 
normal  operating  conditions;  8  hours  at  night   if  business  demands. 

16.  There  are  10  car  riders  employed.  They  either  walk  or  ride 
on  the   carrying   engine. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle 
average    movements.     It    is    increased    as    business    demands. 

18.  The  number  is  kept  down  to  ten  men,  and  as  business  demands 
the  number  is  increased. 

19.  The  switches  are  operated  by  hand.     Each  man  has  7  switches. 

20.  No  advantage  can  be  gained  by  the  use  of  two  scales  on  a 
hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to 
train  on   departure   track)    is    11.9  cents. 
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I  7.      CHICAGO,    INDIANA    &    SOUTHERN    RAILROAD. 

(.Yard  at  Gibson,   Ind.) 

1.  Maximum  number  of  trains  entering  receiving  yards  (2  receiving 
yards)   per  hour,  6. 

2.  Average  cars  per   train,  40. 

3.  Average  trains  entering  receiving  yards    (2)    in  24  hours,  7. 

4.  The  hump  eng^ines  weigh  270,000  lbs.,  all  on  drivers;  tender, 
149,600  lbs. ;  total,  419,600  lbs.  The  grades  are  so  light  that  two  engines 
are  not  necessary.  About  0.3  per  cent,  grade  leading  up  to  the  hump. 
A  train  of  60  cars  of  coal  can  be  pushed  over  the  hump  with  one 
engine;  cars  weighing  about  64  tons  gross  each. 

5.  The  grades  in  the  yard  arc  so  light  that  it  is  not  necessary  to 
cut  the  train. 

6.  There  is  no  weighing  of  cars,  as  cars  are  weighed  in  outlying 
yards. 

7.  The  cars  are  uncoupled  to  be  weighed,  but  (as  noted)  cars  are 
not  weighed  in  the  hump  yard. 

8.  When  business  requires  it,  track  scales  will  be  installed  on  the 
hump. 

9.  The  location  of  the  scale  on  the  hump  would  not  diminish  the 
classifying  capacity. 

10.  Track  scales  should  be  on  the  hump. 

11.  There  is  one  engine  on  the  hump  and  one  engine  in  the  make-up 
yard. 

12.  Generally  cars  are  kept  moving,  but  occasionally  the  train  is 
stopped  if  a  car  does  not  run  well,  or  if  a  brake  is  not  in  good 
condition.  The  brake  on  each  car  is  examined  and  tested  before  the  car 
is  cut  off.     One  good  brake  is  needed  for  three  cars. 

13.  The  classifying  capacity  of  the  hump  yards  is  as  follows,  but 
the  yard  is  not  being  used  to  its  full  capacity : 

One  hour,  100  and  100  cars. 

Five  hours,  400  and  500  cars. 

Ten   hours,   800  and    1,000  cars. 

One  day   (22  hours),  1,700  and  2,000  cars. 

14.  One  hour  is  allowed  for  meals  and  changing  engines. 

15.  The  hump  is  actually  in  operation  for  11  hours  per  day. 

16.  The  average  number  of  car  riders  is  20.  This  varies  according 
to  amount  of  business  handled.     The  men   walk  back  to   the  hump. 

17.  Enough  car  riders  are  employed  to  permit  of  continuous  op- 
eration. 

18.  Tlio  conductor  in  charge  of  the  hump  crew  puts  on  enough 
men  to  handle  the  cars  in  one  working  day. 

19.  The  switches  are  operated  by  hand.  One  switch  tender  handles 
three  switches  at  the  junction;  two  switch  tenders  handle  seven  switches 
each  further  down  in  the  yard. 

20.  There  can  be  no  advantage  in  the  use  of  two  scales  on  the 
hump. 
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8.      DELAWARE    &     HUDSON    COMPANY. 

(Yard    at    Oneonta,    N.    Y.     See    Fig.    17.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  9. 

2.  Average  number  of  cars  per  train,  43. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  30. 

4.  One  88-ton  engine  pushes  an  average  train  of  43  cars  (2,300 
tons)    over  the  hump. 

5.  Average   number  of   cuts   per   train,   28. 

6.  Percentage  of  cars   weighed  that  pass  over  hump,   i   per  cent. 

7.  Cars  are  uncoupled   to  be  weighed. 

8.  The  scale  is  located  two  miles  from  hump,  at  freight  house. 
Cars  are  switched  out  and  hauled  to  scales  by  yard  engine. 

10.  The  scale  should  be  located  on  the  hump. 

11.  There  are  six  locomotives  employed;  2  hump  engines,  I  in 
each  yard  to  make  up  trains,  i  to  look  after  cripples,  i  for  city  busi- 
ness and  freight  house. 

12.  The  hump  engine  keeps  its  train  moving  continuously. 

13.  The  classifying  capacity  of  the  hump  as  determined  by  con- 
tinuous operation,  is  as  follows : 

Averige.  Maximum. 

One  hour   32  cars  50 

Five    hours    160  cars  250 

Ten  hours   320  cars  520 

One  day   640  cars  1,000 

14.  One  hour  at  midday  is  allowed  for  meals,  and  for  changing 
engines  and  crews,  cleaning  fires,  etc. 

15.  The  hump  is  actually  in  operation  20  hours  per  day  under 
normal  operating   conditions. 

16.  There  are  7  car  riders  employed.     They  walk  back  to  the  hump. 

17.  The  number  of  car  riders  employed  is  only  sufficient  to  handle 
the  average  number. 

18.  The  proper  number  of  car  riders  is  determined  by  the  amount 
of  business. 

19.  The  switches  are  operated  by  hand,  4  switches  to  one  man. 

20.  No  advantage  can  be  gained  by  the  use  of  two  scales  on  a  hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to  train 
on  departure  track)    is  approximately  10.9  cents  per  car  handled. 

9.      ERIE    RAILROAD. 

(Pen  Horn  Westbound  Yard;  two  miles  west  from  Jersey  City.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  8. 

2.  Average  number  of  cars  per  train,  25. 
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3.  Average  number  of  trains  entering  receiving  yard  in  24  hours, 
40. 

4.  With  one  engine  weighing  155  tons,  the  average  train  pushed 
over  hump  is  25  cars. 

5.  Average  number   of  cuts  per   train,  20. 

7.  Cars   are    uncoupled    to  be    weighed. 

8.  There  is  no  scale  on  the  hump.  The  scale  is  on  a  separate 
lead  at  the  east  end  of  the  eastbound  classification  yard.  All  cars  to 
be  weighed  are  classified  on  one  track,  and  the  string  of  cars  is  pulled 
up  by  a  station  engine  over  the  scales  by  the  dead  rail.  They  are  then 
weighed,  being  dropped  back  onto  the  lead  of  the  eastbound  yard. 
After  all  cars  are  weighed  they  are  classified  into  the  regular  classifi- 
cation tracks  at  each  end  of  the  yard,  having  classification  for  all  cars 
that  arc   weighed   at   that   point.      (For   hump   grades   see   page   70.) 

9.  The  classifying  capacity  of  the  yard  would  not  be  diminished 
if  the  scale  was  located  on  the  hump. 

10.  If  the  scale  is  not  located  on  the  hump,  it  should  be  placed 
at  the  outgoing  lead  of  the  classification  yard  on  a  separate  track,  so 
that  after  the  cars  are  weighed  they  can  be  properly  classified  at  the 
head   end   of  classification   tracks,  getting   their   turn   of   arrival. 

11.  There  is  one  hump  engine  working  20  hours;  its  duties  are 
to  shove  the  cars  from  the  receiving  yard  to  the  classification  yard, 
properly  classifying  them.  There  is  also  one  air-brake  engine  working 
20  hours  per  day;  its  duties  are  to  make  up  and  test  all  trains  ready 
for  the  road  crews. 

12.  The  hump  engine  keeps  its  train  moving  slowly  and  steadily 
over  the  summit  of  the  hump. 

13.  The  average  classifying  capacity  of  the  hump  is  as  follows : 
One  hour,  50  cars  (maximum  75  cars);  5  hours,  250  cars;  ten  hours, 
500  cars ;   one   day,    1,000  cars. 

14.  One  hour  is  allowed  for  meals.  The  engine  fires  are  cleaned 
and'  supplies    taken    in    the    same   limited   time. 

15.  The  hump  is  actually  in  operation  for  20  hours  per  day  under 
normal  conditions. 

16.  There  are  12  car  riders,  6  for  each  lo-hour  shift.  They  return 
to  the  hump  by  walking. 

17.  This  number  of  car  riders  is  sufficient  only  for  the  average 
movement. 

18.  The  number  of  car  riders  is  determined  by  weather  condi- 
tions  and   advance   notice  of  incoming  trains. 

19.  The  switches  are  operated  by  hand ;  each  switchman  is  assigned 
to  ten  switches. 

20.  No  advantage  can  be  gained  by  the  use  of  two  scales  on  the 
hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  the  receiving  track  until  the  road  engine  is  coupled 
to  the  train  on  departure  track)    is  9  cents. 
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lO.      LAKE    SHORE    &    MICHIGAN    SOUTHERN    RAILWAY. 

(Elkhart    and    Collinwood    Yards.     See    Fig.    i8.) 

The  Elkhart  yard  was  built  in  1903,  and  the  Collinwood  yard  in 
1904,  and  each  has  been  in  operation  since.  In  both  of  them,  however, 
some  modifications  have  been  made  in  the  grades  of  the  hump  as 
originally  designed,  as  experience  has  indicated  the  desirability  of  so 
doing.  Neither  of  these  yards  has  a  scale  on  the  hump.  Mr.  Samuel 
Rockwell,  Chief  Engineer,  informs  the  Committee  that  this  point  was 
thoroughly  considered.  It  seemed  that  since  the  proportion  of  cars  to 
be  handled  over  the  liump  which  had  to  be  weighed  would  always  be 
small.  The  loss  of  time  and  inconvenience  to  the  cars  which  did  not 
need  to  be  weighed  would  be  more  than  enough  to  make  up  for  the 
time  which  would  be  saved  in  not  having  to  rehandle  the  cars  which 
needed  to  be  weighed.  It  was  decided  in  the  conferences  on  the 
subject  that  25  per  cent,  of  the  total  traffic  is  somewhere  near  the  point 
where  it  might  become  desirable  to  place  scales  on  the  humps.  But 
for  a  less  percentage  than  this,  they  should  not  be  so  placed. 

The  practice  is  to  drop  cars  needing  to  be  weighed  onto  a  track 
specially  designed  for  them.  At  a  convenient  time  an  engine  is  attached 
to  this  string  of  cars,  takes  them  out  to  a  conveniently  located  scale, 
weighs  them  over  this  scale  in  the  same  way  that  a  string  of  cars  is 
ordinarily  weighed,  then  moves  them  back  into  the  receiving  yard,  and 
puts  them  over  the  hump  again   for  classification. 

Mr.  Rockwell  gives  some  results  of  actual  cars  handled  in  the 
Elkhart  and  Collinwood  yards.  It  will  be  noticed  that  neither  of  these 
yards  has  ever  been  taxed  to  the  utmost  capacity,  the  figures  given 
being  simply  figures  from  actual  experience.  The  number  of  cars  that 
can  be  handled  over  these  humps  in  a  given  period,  provided  a  sufficient 
number  of  cars  is  available  (as  stated  by  those  in  charge),  is  from  100 
to  125  cars  per  hour;  something  over  500  cars  in  five  hours,  or  1,000 
cars  in  ten  hours.  Of  course  the  number  that  could  be  handled  would 
depend  very  largely  upon  the  number  of  cuts  that  have  to  be  made. 
The  traffic  is  a  miscellaneous  commercial  traffic,  and  the  average  number 
of  cuts  is  something  like  55  cuts  to  a  70-car  train.  The  maximum 
figures  given  above  could,  of  coivrse,  be  very  much  exceeded  if  there 
were  materially  less  cuts  per  train.  It  must  be  understood  that  these 
maxima  as  given  are  purely  working  maxima  under  average  conditions, 
and  not  by  any  means  records  made  when  conditions  were  prepared  in 
advance  for  them. 

Each  of  these  yards  has  only  one  throat  track  over  the  hump,  and 
Mr.  Rockwell  states  that  it  has  not  appeared  that  there  is  an  advantage 
in  having  two.  It  is,  of  course,  apparent  that  if  a  wreck  should  occur 
on  the  throat  track,  it  might  not  foul  a  second  track,  so  that  some  time 
might  be  saved  while  the  wreck  was  being  cleared  up.  But  it  is  con- 
sidered   that    the    unlikelihood    of    such    a    condition    overbalanced    the 
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disadvantage  of  always  operating  under  normal  conditions  over  tracks 
that  would  not  be  arranged  in  the  best  manner.  It  is  assumed  that  in 
regular  work  two  throat  tracks  could  not  be  used  at  the  same  time,  as 
the  lines  of  traffic  would  necessarily  be  crossed  unless  there  were  in 
effect  two  yards  with  one  track  to  serve  each  one.  This  does  not  refer 
to  a  run-around  or  passing  track  to  permit  fast-freight  trains  that  are 
solid  (or  nearly  so,  and  requiring  little  reclassification)  to  be  moved 
around  the  hump.  Such  a  track  is  necessary  and  is  provided  in  the 
design. 

(Operation  of  Elkhart  and  Collinwood  Yards.) 

1.  Maximum  number  of  trains  entering  the  receiving  yard  in  one 
hour;  12  (6  in  eastbound  and  6  in  westbound  yards  at  each  place). 

2.  Average  number  of  cars  per  train,  75. 

3.  Average  number  of  trains  entering  the  receiving  yard  in  24 
hours,  15  each  way  at  Elkhart;  20  each  way  at  Collinwood. 

4.  One  135-ton  hump  locomotive  pushes  an  average  of  75  cars 
(2,500  tons).  Two  engines  are  used  only  in  emergency,  when  the  135- 
ton  engine  is  not  available.     The  train  is  the  same  in  any  case. 

5.  Average  number  of  cuts  per  train,  35  at  Elkhart;  40  at  Col- 
linwood. 

6.  Percentage  of  cars  weighed  that  pass  over  the  hump,  4  per  cent, 
at  both  places. 

7.  Cars  are   set  out   to  be  weighed. 

8.  The  scale  is  not  on  the  hump,  but  a  separate  movement  for 
weighing  is  made.  At  Elkhart  the  old  scale  in  use  prior  to  the  con- 
struction of  the  hump  is  in  use,  and  about  two  movements  per  day 
are  made  for  weighing.  At  Collinwood  there  is  a  scale  in  each  classifi- 
cation yard. 

10.  It  is  not  considered  wise  to  locate  the  scale  on  the  hump. 

11.  There  are  four  locomotives  at  Elkhart — i  on  each  hump  and  i 
in  each  classification  yard  making  up  trains.     The  same  at  Collinwood. 

12.  The  hump  engines  keep  their  trains  moving  at  slow  speed. 

13.  The  average  classifying  capacity  of  the  hump  at  each  place  i.^ 
2,000  cars  per  20-hour  day.  With  heavy  business  this  can  be  increased 
to  2,600  cars  by  cutting  out  the  meal  hours. 

14.  At  each  place,  four  hours  per  day  are  allowed  for  meals, 
changing  engines  and  crews,  cleaning  fires,  etc.  If  business  is  very 
heavy,   continuous    movement    is    maintained. 

15.  The  hump  is  in  actual  operation  for  20  hours  per  day  under 
normal  conditions. 

16.  At  Elkhart  there  are  7  to  9  riders  to  each  hump;  they  walk 
back  to  the  hump.  At  Collinwood  there  are  4  to  16  riders  to  each 
hump;  they  return  by  an  electric  trolley  car. 

17.  At  both  places  the  number  of  car  riders  is  sufficient  to  handle 
the  average  movement  with  continuous  operation. 
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i8.  The  number  of  car  riders  is  determined  by  advance  reports 
of  trains  to  arrive. 

19.  The  switches  are  operated  by  hand ;  about  6  to  each  man. 

20.  The  cost  per  car  for  yard  handling  is  from  8  to  9  cents  at  each 
place.  This  is  for  work  from  the  time  the  road  engine  is  cut  off  on 
the  receiving  track  until  the  road  engine  is  coupled  onto  the  train  in  the 
departure  track. 

II.      LEHIGH     VALLEY     RAILROAD. 

(East  Oak  Island  Yard.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  0.63. 

2.  Average  number  of  cars  per  train,  35. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  15. 

4.  Number  of  cars  and  tonnage  in  average  train  pushed  over  hump : 
With  one  engine  (87  tons),  20  cars,  900  tons;  with  two  engines  (174 
tons),  40  cars,  1,800  tons. 

5.  Average  number  of  cuts  per  train,  20. 
8.     There  is   no  scale  in  the  hump  yard. 

11.  One  locomotive  is  employed  in  the  yard. 

12.  The  hump  engine  keeps  its  train  moving  continuously  while  car 
riders  are  on  hand. 

13.  The  average  classifying  capacity  of  the  hump  is  as   follows : 

One  hour,    100  cars. 
Five  hours,  500  cars. 
Ten  hours,  1,000  cars. 
One  day,  2,400  cars. 

14.  One  hour  is  allowed  for  lunch;  no  time  for  changing  engines. 

15.  The  hump  is  actually  in  operation  for  10  hours  in  a  calendar  day. 

16.  Four  car  riders  are  employed.     They  walk  back  to  the  hump. 

17.  The  number  of  car  riders  is  sufficient  to  handle  average 
movement. 

18.  The  proper  number  of  car  riders  to  employ  is  determined  from 
the  number  of  trains  to  be  drilled. 

19.  There  are  20  switches,  operated  by  hand  by  two  men. 

21.  The  cost  per  car  for  yard  handling  (from  time  the  road  engine 
IS  cut  off  on  receiving  track  until  road  engine  is  coupled  to  train  on 
departure  track)    is  65^^  cents. 

12.      MICHIGAN    CENTRAL    RAILROAD. 

(River  Rouge  Yard;   Detroit  District.) 

1.  Maximum  number  of  trains  entering  the  receiving  yard  in  one 
hour,  3. 

2.  Average  cars  per  train,  65. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  10. 
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4.  The  average  train  pushed  over  the  hump  has  65  cars,  and  is 
handled  with  one  engine  weighing  135  tons.      (Decapod,  0:10:0.) 

5.  Average  number  of  cuts  per  train,  30. 

6.  Percentage  of  cars  weighed  that  pass  over  hump,  3  per  cent. 

7.  Cars   are  not  uncoupled  to  be  weighed. 

8.  The  scale  is  located  beyond  the  classification  yard,  and  movement 
to  reach  it  is  made  through  that  yard. 

10.  If  the  scale  is  not  located  on  the  hump,  it  should  be  placed 
to  the  side  of  the  classification  yard,  on  a  track  elevated  about  3  ft. 
above  the  other  tracks.  This  track  should  be  about  400  ft.  long,  with 
an  ascending  grade  to  the  scale,  flat  surface  for  the  scale  and  25  ft. 
beyond.     Then  a  descending  grade  to  the  lead. 

11.  Two  engines  are  used;  one  hump  engine  and  one  transfer 
engine. 

12.  The  hump  engine  keeps  the  train  moving  continuously.  How- 
ever, when  business  is  slack,  the  number  of  car  riders  is  reduced,  so 
that  stopping  to  wait  for  riders  is  necessary. 

13.  The  average  and  maximum  classifying  capacity  of  hump  as 
determined  by  continuous  operation  is  as   follows : 

One  hour,  80  cars. 
Five  hours,  400  cars. 
Ten  hours,  800  cars. 
One  day,  800  cars. 

14.  One  hour  is  allowed  for  meals ;  fires  are  cleaned  during  the 
meal    hour. 

15.  The  hump  is  actually  in  operation  about  12  hours  per  day 
under  normal  operating  conditions. 

16.  Three  car  riders  are  employed.  They  return  singly  to  the 
hump.  However,  when  doing  maximum  business,  five  riders  are 
employed. 

17.  This  number  of  car  riders  is  sufficient  to  handle  the  average 
movement. 

18.  The  proper  number  of  car  riders  to  employ  to  secure  the 
greatest  economy  of  operation  is  determined  by  the  number  of  cars 
received. 

19.  The  switches  are  operated  by  hand.  One  switchman  is  employed 
during  slack  time;  two  men  when  doing  maximum  business. 

13.      MISSOURI     PACIFIC     RAILWAY. 

(East   Bottoms    Yard;    Kansas   City,    Mo.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  10. 

2.  Average   number  of   cars  per  train,  40. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  36. 

4.  The  average  train  pushed  over  the  hump  weighs  1,500  tons,  and 
is  pushed  by  orie  engine. 

5.  Average  number  of  cuts  per  train,  25. 
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6.  About  IS  per  cent,  of  the  cars  that  pass  over  the  hump  arc 
weighed. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  located  on  the  hump,  50  feet  west  of   the   summit. 
II.    There    arc    10   locomotives    employed    in    the    yard    by    day    and 

five  at  night,  as   follows : 

Day — I  in  train  yard  (making  up  outbound  trains)  ;  i  at  soutli 
hump  (pulling  receiving  yard,  putting  over  hump  and  shoving  classifi- 
cation tracks)  ;  i  at  north  hump  (same  as  preceding)  ;  i  at  rip  track 
(handling  rip  tracks,  switching  out:  bad-order  cars,  and  switching  for 
Mechanical  and  M.  of  Way  Depts.)  ;  i  switching  to  and  from  elevator; 
I  in  hold  yard  (switching  hold  tracks  and  industries)  ;  i  at  Sheffield 
industry  and  connections;  i  at  brewery  (industry);  i  handling  stock 
from  east  yard  to  stock  yards ;  i  in  receiving  yard  (works  part  of  time 
in  outbound  train  yard  making  up  trains,  and  handles  from  receiving 
yard  to  hump;  handles  "hot  stuff"  direct  to  train  yard). 

Night. — One  in  train  yard  (making  up  outbound  trains)  ;  i  at 
north  hump ;  i  at  south  hump ;  i  handling  hold  cars  and  elevator  tracks ; 
I  handling  stock  from  receiving  yard  to  stock  yards. 

12.  The  hump  engine  keeps  its  train  moving  continuously  at  slow 
speed  over  the  hump. 

13.  The  classifying  capacity  of  the  hump  is  as  follows : 

Maximum.  Average. 

One  hour  50  30 

Five   hours    250  150 

Ten  hours   500  300 

One  day   i,oco  600 

This  is  based  on  the  use  of  one  hump  engine  to  pull  up  cuts,  push 
cars    over    and    shove    up    classification    tracks. 

14.  One  hour  is  allowed  for  meals.  The  fire  is  cleaned  at  the 
same  time.  The  crews  work  lo-hour  shifts.  No  time  is  necessary  for 
changing  engines  and  crews. 

15.  The  hump  is  actually  in  operation  20  hours  per  day  under 
normal  operating  conditions. 

16.  The  number  of  car  riders  employed  is  8  by  day  and  6  at  night ; 
total,    14.     They   walk   back   to    the    hump. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle  the 
average  movement   with   nearly  continuous   operation. 

18.  The  proper  number  of  car  riders  is  determined  by  checking 
the  number  of  cars  passing  over  hump. 

19.  The  switches  are  operated  by  hand.  Eight  switches  are  assigned 
to  one  switchman. 

20.  No  advantage  can  be  gained  by  the  use  of  two  scales  on  the 
hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  oflf  on  the  receiving  track  until  the  road  engine  is  coupled 
on   to  the  train  on    the    departure    track)    is   27   cents. 
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14.      NEW     YORK     CENTRAL    RAILROAD. 

(Yard  at  Avis,  Pa.) 

1.  The  maximum  number  of  trains  entering  the  receiving  yard  in 
one  hour  is  8.  This  was  due  to  trains  being  bunched  on  the  road  by  an 
accident,  and   following  each  other  into  the  yard  very  closely. 

2.  Average  number  of  cars  per  train,  60. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  20. 

4.  The  hump  engine  weighs  76.25  tons ;  engine  and  tender,  122  tons. 
It  pushes  65  cars  in  the  summer  and  40  in  the  winter.  Two  engines 
are  never  used. 

5.  Average  number  of  cuts  per  train,  about  70  per  cent,  of  num- 
ber of  cars. , 

6.  Percentage  of  cars  weighed  that  pass  over  hump,  98  per  cent. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  located  on  the  hump,  about  80  ft.  from  summit. 
There  is  no  other  scale. 

9.  The  classifying  capacity  of  the  yard  is  not  diminished  on 
account  of  scales  being  located  on  hump. 

11.  There  are  seven  locomotives  employed  in  the  yard — one  engine 
working  on  the  hump,  one  in  the  classification  yard,  one  in  the  empty 
yard  (which  is  the  southbound  receiving  yard),  one  pusher  engine,  one 
roustabout  engine,  one  shop  engine,  and  one  at  J.  S.  Junction  yard. 
There  are  four  engines  on  the  night  shift — one  on  the  hump,  one  in 
the  advance  yard,  one  in  the  empty  yard,  and  one  pusher  engine. 

12.  The  hump  engine  keeps  its  train  moving  continuously  at  slow 
speed  over  the  hump.  No  stops  are  made  between  cuts,  unless  it  is 
necessary  to  stop  and  wait  for  the  return  of  the  car  riders. 

13.  The  average  and  maximum  classifying  capacity  of  hump  as 
determined  by  continuous  operation  for  given  periods  is  as  follows : 

One  hour,  about  70  cars    maximum  and  38  cars  average. 
Ten  hours,  620  maximum,  500  average. 
One  day,   1,100  maximum,  850  average. 

14.  One  hour  is  allowed  for  meals,  and  one  hour  for  changing 
crews.  In  times  of  extremely  heavy  business,  one  hour  is  allowed  for 
meals  and  35  minutes  for  changing  crews. 

15.  The  hump  is  actually  in  operation  for  20  hours  per  day  under 
normal  operating  conditions. 

16.  Four  car  riders  are  employed.     They  walk  back  to  the  hump. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle  the 
average  movement  of  cars. 

18.  The  proper  number  of  car  riders  to  employ  to  secure  the 
greatest  economy  of  operation  is  determined  from  the  advance  reports. 
The  yardmaster  knows  what  trains  are  on  the  road  12  hours  before 
arrival  and  calls  enough  extra  men  to  handle  them  if  the  movement 
is  above  normal.  If  the  movement  is  greatly  below  normal,  he  lays  off 
one  or  more  riders  for  the  day. 
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19.  The  switches  are  operated  by  hand.  One  man  handles  the 
throat  switch  and  8  ladder  switches,  which  are  all  located  within  very 
short  distance  of  throat.  He  also  handles  6  or  7  switches  back  of  the 
hump,  and  in  doing  this  is  helped  out  by  the  car  riders. 

21.  The  cost  per  car  for  yard  handling  (from  the  lime  the  road 
engine  is  cut  off  on  the  receiving  track  until  the  road  engine  is  coupled 
to  the  train  on  the  departure  track)   averages  8.9  cents  per  car. 

15.      NEW    YORK    CENTRAL   RAILROAD. 

(Yard  at  West  Albany,  N.  Y.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one  hour, 
15.     This  includes  trains  from  both  directions. 

2.  Average  number  of  cars  per  train :  35  cars  per  train  from  the 
east,  50  cars  per  train  from  the  west. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours : 
35  trains   from  the  east,  29  from  the  west. 

4.  The  hump  engine  weighs  76.25  tons,  or  122  tons  with  tender.  It 
pushes  45  cars  over  the  hump. 

5.  Average  number  of  cuts  per  train,  about  80  cuts  per  100  cars. 

6.  About  lYz  io  2  per  cent,  of  the  cars  weighed  that  pass  over  hump 
are  weighed  (or  about  30  cars  per  day).  This  is  all  local  freight  from 
east  of  Amsterdam,  with  an  occasional  car  taken  from  fast  freight. 

7.  The  cars  are  uncoupled  to  be  weighed,  as  the  track  scales  are 
not   located   on   the   hump. 

8.  The  track  scale  is  not  located  on  the  hump.  Cars  aje  pulled 
from  the  classification  yard  to  the  track  scales  and  return  by  one 
movement. 

11.  The  number  of  locomotives  employed  in  the  yard  is  15  by  day 
and  12  at  night.  They  shift  as  follows :  2  in  hump  yard,  2  in  lower 
end  of  eastbound  classification  yard,  i  in  drop-pocket  No.  4,  i  at  the 
east  end  of  the  eastbound  yard  handling  cabooses  and  helping  trains,  i 
at  the  transfer  house,  i  at  the  coal  trestle  and  enginehouse,  3  in  the 
westbound  classification  yard,  i  in  the  local  freight  yard,  2  helping 
engines,  and  i  at  the  Karner  Yard.  At  night,  cut  out  the  Karner  yard, 
local  freight  and  coal  trestle  engines. 

12.  The  hump  engine  keeps  its  train  moving  continuously  at  slow 
speed  over  the  hump,  except  when  stops  are  necessary  for  car  riders 
to  return. 

13.  The  average  and  maximum  classifying  capacity  of  hump  as 
determined  by  continuous  operation  for  given  periods  is  as  follows : 

One   hour,   maximum,    160;   average,  about  95. 

Five  hours,  maximum,  500;  average,  400. 

Ten  hours,  maximum,  1,125 ;  average,  800. 

One  day,  about  2,000  maximum,  and  1,600  average. 

14.  One  hour  is  allowed  for  meals,  and  one  hour  for  chang- 
ing crews. 
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15.  The  hump  is  actually  in  operation  20  hours  per  day  under 
normal  operating  conditions. 

16.  The  number  of  car  riders  employed  is  12  to  14  in  each  shift. 
They   walk  back  to  the  hump. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle 
average  business  with  continuous  operation  of  the  hump. 

18.  Enough  riders  are  employed  to  handle  the  average  movement. 
From  advance  information,  if  it  is  seen  that  business  will  be  extremely 
heavy,  enough  extra  riders  are  employed.  If  business  is  extremely 
light,  some  riders  are  laid  off. 

19.  The  switches  are  operated  by  hand.  One  man  at  the  throat 
operates  the  throat  switch  and  four  switches  back  of  the  hump.  The 
other  switchmen  operate  from  5  to  8  each. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  the  receiving  track  until  the  road  engine  is  coupled 
to  the  train  on  the  departure  track)  averages  about  28  cents  per  car. 

16.      NEW    YORK    CENTRAL    RAILROAD. 

(DeWitt  Yard,  near  Syracuse,  N,  Y.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one  hour, 
five  trains  in  each  direction. 

2.  Average  number  of  cars  per  train,  70;  fast  freight,  50;  slow 
freight,  75  to  85. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours : 
50  from  the  west,  35  from  the  east. 

4.  The  engines  weigh  135  tons,  210  tons  with  tender.  One  engine 
will  push  40  cars  over  the  hump ;  two  engines  will  push  85  cars  weigh- 
ing 3,300  to  3,400  tons. 

5.  The  average  number  of  cuts  is  from  35  to  50  cuts  per  train, 
or  an  average  of  about  two-thirds  the  number  of  cars  for  westbound 
movements.     Eastbound  movements  average  about  35  cuts  per  train. 

6.  Only  about  4  or  5  cars  of  local  freight  are  weighed  each  day; 
this  is  all  local  freight  from  west  of  Oneida. 

7.  Cars  are  uncoupled  to  be  weighed.  There  is  no  hump  scale 
in  this  yard. 

8.  The  scale  is  located  in  the  eastbound  freight  yard,  but  is  not  in 
use.  Local  freight  is  sent  to  Syracuse  to  be  weighed.  This  only 
amounts  to  about  3  cars  per  day. 

11.  There  are  16  engines  on  each  shift,  as  follows:  Three  hump 
engines  (two  of  them  on  eastbound  hump,  and  one  on  westbound  hump) ; 
I  kicker  engine  in  westbound  yard ;  2  shop  engines ;  2  engines  in  caboose 
yards ;  i  engine  in  each  of  the  fast  freight  yards ;  i  engine  in  westbound 
local  yard,  and  4  roustabout  engines;  i  engine  around  coaling  plant,  also 
used   for  making  Syracuse  deliveries. 

12.  The  hump  engine  keeps  the  train  moving  continuously  at  slow 
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speed.     Stops   are   made   only  when   necessary   to  wait   for   hump   riders 
to  return. 

13.  The  classifying  capacity  for  both  humps,  as  determined  by  con- 
tinuous operation,  is  as   follows : 

Maximum.        Average. 

One  hour   300  200 

Ten  hours    2,783  2,000 

One  day,  no  figures  for  maximum,  but  about  5,000  maximum;  aver- 
age, about  4,000. 

14.  One  hour  is  allowed  for  meals,  and  one  hour  for  chang- 
ing crews. 

15.  The  hump  is  actually  in  operation  20  hours  per  day  under 
normal  operating  conditions. 

16.  There  are  20  to  35  hump  riders,  generally  24  on  each  shift. 
They  return  to  the  hump  by  walking. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle  the 
average  movement. 

18.  The  proper  number  of  car  riders  to  employ  is  determined  from 
advance  reports  of  business  coming  into  the  yard.  If  reports  show 
heavy  business,  riders  sufficient  to  put  the  cars  through  the  yard  are 
employed.     If  business  is  extremely  light  the  number  is  reduced. 

19.  The  switches  are  operated  by  hand,  and  from  one  to  eight 
switches  are  assigned  to  each  switchman.  The  man  at  the  throat 
switch  operates  one  switch  only.  The  next  two  men  operate  3  each ; 
the  next  four  men  operate  5  and  6  each.  In  the  advance  and  caboose 
yards,  switchmen  operate  about  six  switches  each ;  switchmen  are  sta- 
tioned also  at  each  end  of  the  receiving  yards,  and  one  at  the  middle  of 
the   eastbound   receiving  yard. 

21.  The  cost  per  car  for  yard  handling  (from  time  the  road  engine 
is  cut  ofT  on  receiving  track  until  road  engine  is  coupled  to  train  on 
departure  track)   is  about   ioJ4  cents  per  car. 

17.      NORFOLK     &    WESTERN    RAILWAY. 

(Yard  at  Williamson,  W.  Va.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  II, 

2.  Average  number  of  cars  per  train,  60. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  24. 

4.  One  90-ton  engine  will  push  an  average  train  of  30  cars  over 
the  hump.     Two  engines  will  push  65  cars. 

5.  Every  car  in  the  train  is  cut. 

6.  About  95  per  cent,  of  the  cars  that  pass  over  hump  are  weighed. 

7.  The  cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  located  on  the  hump,  75  ft.  from  the  summit. 

9.  Classification  is  facilitated  by  locating  the  scale  on  the  hump. 
II.     Five  locomotives  are  used,  all  assigned  to  classifying  cars. 
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12.  The  hump  engine  does  not  keep  its  train  moving  continuously, 
but  stops  arc  made  between  cuts. 

13.  The  classifying  capacity  of  the  hump  as  determined  by  continuoui 
operation    is   as    follows : 

One  hour,  40  cars. 
Five  hours,  180  cars. 
Ten  hours,  300  cars. 
One  day,  350  cars. 

14.  One  hour  at  noon  and  midnight  is  allowed  for  meals  and  for 
changing   engines   and   crews,    cleaning   fires,    etc. 

15.  The  hump  is  actually  in  operation  12  hours  per  day  under  normal 
operating  conditions. 

16.  There  are  10  car  riders.    They  walk  back  to  the  hump. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle  the 
average  movement. 

19.  The  switches  are  operated  by  hand ;  10  switches  are  assigned  to 
one  switchman. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to  train 
on  departure  track)    is  11   cents. 

18.      NORFOLK     &    WESTERN    RAILWAY. 

(Gravity  Yard  at  Bluefield,  W.  Va.) 

1.  Maximum    number    of    trains    entering    receiving    yard    in    one 
hour,  7. 

2.  Average  number  of  cars  per  train,  30. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  24. 

4.  One  90-ton  engine  handles  30  cars  over  the  hump.     Two  engines 
are  used  only  in  emergency. 

5.  Every  car  weighed  is  cut. 

6.  About  80  per  cent,  of  cars  that  pass  over  hump  are  weighed. 

7.  Cars  are  uncoupled  to  be  weighed. 

II.  Four  engines  are  used  each  24  hours,  2  of  which  are  used  to 
weigh  and  classify  (one,  however,  on  the  empty  side  movement,  which 
is  not  included  in  average  and  maximum  figures)  and  2  that  handle 
passenger,  shop  track  work,  switch  out  loads  for  city  delivery,  set  out 
loads  not  consigned,  loads  awaiting  consignment,  freight  station  work, 
etc.  We  have  only  the  one  engine  that  weighs  the  loaded  cars  included 
in  this  movement  as  outlined.  Only  one  engine  works  on  the  hump  with 
the  loaded  cars ;  the  making  up  of  the  loaded  trains  is  effected  by  an 
assorting  process,  and  train  is  completed  by  dropping  by  gravity  from 
the  assorting  yard  to  yard  further  on,  known  as  the  "east  running"  or 
train  yard.  The  scale  or  hump  engine  is  only  required  occasionally 
when  a  coupling  fails,  car  damaged,  or  some  irregularity  arises,  this 
being  part  of  the  duty  of  the  scale  or  hump  engine. 

12.     The  hump  engine  keeps  its  train  moving  continuously. 
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13.  The  classifying  capacity  of  the  hump  as  determined  by  con- 
tinuous operation  is  as   follows: 

Average.       Maximum. 

One  hour  30  cars  110  cars 

Five  hours  150    "  265     " 

Ten  hours   300    "  500    " 

One   day   720    "  1,240    " 

14.  One  hour  is  allowed  for  meals  each  12  hours.  The  engine's 
fire  is  cleaned  once  each  24  hours,  the  cleaning  being  done  during  one 
of  the  meal  hours  allowed.  Change  of  crews  is  made  in  the  yard,  and 
no  time  is  allowed  therefor. 

15.  The  hump  is  actually  in  operation  for  20  hours  per  day  under 
normal  operating  conditions. 

16.  There  are  16  car  droppers  with  each  engine  12  hours.  They 
walk  back  to   the   hump. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle  the 
average  movement  with  nearly  continuous  operation. 

18.  The  proper  number  of  car  riders  to  employ  is  determined  by 
anticipating  the  number  of  cars  that  should  be  received  in  the  future 
12  hours. 

19.  The  switches  are  operated  by  hand.  There  is  one  switchman 
to  every  four  switches. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  of?  on  receiving  track  until  road  engine  is  coupled  to 
train  on  departure  track)   is  about  20  cents  per  car. 

19.      PENNSYLVANIA    RAILROAD. 

(Yard  at  Altoona,  Pa.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  10. 

2.  Average  number  of  cars  per  train,  38. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  90. 

4.  Average  train  pushed  over  hump  with  one  engine,  76  cars, 
4,800  tons. 

5.  Average  number  of  cuts  per  train,   lYz. 

6.  Percentage  of  cars  weighed  that  pass  over  hump;  Juniata  scales, 
90  per  cent. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scale  is  located  on  the  hump  at  "JS"  tower,  30  ft.  from 
the  summit. 

9.  At  Juniata  scales  the  cars  are  weighed  and  classified  at  one 
and  the  same  time,  which  diminishes  the  capacity  of  shifting  about 
20  per  cent. 

10.  Only  the  make  up  of  the  yard  and  the  nature  of  the  business 
can  determine  the  question  as  to  where  the  scale  should  be,  if  not 
on  the  hump. 
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11.  There  are  15  engines  in  the  eastbound  yard,  each  of  which 
has  its  regularly  assigned  duties,  such  as  pushing  trains  over  the  humps, 
making  up  trains  for  the  road  and  delivering  them  to  the  advance  tracks 
for  air  inspection  and  test,  delivering  cars  to  individual  sidings  in  speci- 
fied districts,  as  well  as  performing  miscellaneous  duties  throughout 
the  yard. 

12.  The  hump  engine  keeps  its  train  moving  continuously  over  the 
hump  at  a  speed  of  approximately  two  miles  per  hour.  Stops  are  made 
only  for  the  return  of  car  riders,  which  (as  a  rule)  does  not  occur 
more  than  once  during  the  classifying  of  an  80-car  train. 

13.  The  classifying  capacity  of  the  hump  as  determined  by  con- 
tinuous operation   is  as   follows : 

Average.        Maximum. 

One  hour   100  cars  120  cars 

Five  hours   500    "  604    " 

Ten   hours    1,000    "  1,034    " 

One  day  (20  hours) 2,000    "  2,240    " 

14.  One  hour  is  allowed  train  crews  for  meals,  at  which  time  the 
engines  are  placed  on  the  pits  to  have  fires  cleaned,  and  at  the  same 
time  to  get  coal  and  water  and  oil,  also  other  necessary  supplies.  The 
engineman  and  fireman  remain  with  the  engine  during  this  time,  for 
which  time  is  allowed. 

15.  The  hump  is  actually  in  operation  approximately  16  hours  out 
of  each  24. 

16.  There  are  18  car  riders  or  brakemen  each  at  "JS"  and  "WN," 
making  a  total  of  36  car  droppers  in  the  eastbound  yard.  These  men 
are  hauled  back  to  the  hump  in  a  pickup  car  operated  by  a  light  engine 
on  a  track  provided  for  this  purpose.  This  track  is  kept  clear  at  all 
times  for  the  movement  of  the  pickup  car  in  either  direction.  The 
track  is  located  at  the  extreme  north  side  of  the  yard,  which  enables 
the  car  to  be  run  up  alongside  the  hump  without  interfering  with  the 
hump  operations.  A  track  of  this  kind  would  undoubtedly  be  preferable 
in  the  center  of  the  yard  if  it  were  not  for  the  interference  at  the  hump. 

17.  During  prosperous  times  a  sufficient  number  of  riders  are 
employed  to  handle  the  business  promptly  in  a  limited  time,  six  hours 
being  considered  a  reasonable  amount  of  delay  to  a  car  from  the  time 
it  arrives,  is  inspected,  classified,  made  up  in  a  train  and  despatched, 
actually  leaving  the  yard.  With  the  present  depression  only  a  sufficient 
number  of  car  riders  is  employed  to  handle  the  average-  movement  with 
nearly  continuous  operation  of  the  hump. 

18.  A  check  on  the  car  riders  is  used  to  determine  the  number 
of  cars  and  cuts  each  rider  is  capable  of  riding  for  the  entire  day,  the 
average  being  about  28  cuts  in  12  hours  for  each  car  dropper.  In  this 
way  it  is  possible  to  determine  the  number  of  car  droppers  to  assign 
to  each  hump  in~  order  to  economically  control  the  amount  of  business 
in    sight.      The    assignment    of    car    droppers    to    the    various    humps    is 
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flexible,  which  enables  the  number  to  be  varied  for  each   lo  or   12  hour 
period,  according  to  the  amount  of  business  in  sight. 

19.  All  the  switches  in  use  on  the  various  hump  operations  at 
Altoona  are  direct  movement  electro-pneumatic,  operated  by  a  man  in 
a  tower  by  the  use  of  a  push-button  machine. 

20.  The  only  advantage  to  be  gained  by  two  scales  on  a  hump  is 
where  there  is  a  sufficient  amount  of  business  to  require  a  continuous 
operation,  so  that  in  the  event  of  one  scale  being  out  of  service  for 
any  cause  (such  as  break  down,  or  the  drop  bottom  of  a  car  coming 
loose  and  the  load  falling  on  the  scale)  the  work  can  be  immediately 
operated  over  the  second  or  emergency  scale  and  the  weighing  continued. 
For  illustration,  at  the  Juniata  scales  (Altoona)  the  two  scales  are 
side  by  side  on  the  <3escending  side  of  the  hump.  The  yard  weighs 
approximately  1,600  cars  at  this  point  each  24  hours,  and  the  business 
would  undoubtedly  suffer  greatly  if  there  were  but  one  scale,  as  the 
yard  would  hot  be  prepared  to  continue  the  operations  for  several  hours 
while  repairs  are  being  made  to  the  scale.  The  second  scale  is  merely  an 
emergency  scale,  and  only  one  scale  can  be  operated  at  a  time.  The 
scales  should  be  placed  side  by  side  30  ft.  beyond  the  apex  of  the  hump 
on  the  descending  side,  with  the  necessary  connections  at  either  end 
to  admit  of  using  either  scale  from  one  and  the  same  receiving  yard 
and  the  same  classification  yard.  This  layout  is  regarded  by  the  scale 
inspector  as  being  an  ideal  arrangement. 

21.  Cost  per  car  for  yard  handling  from  time  the  road  engine  is 
cut  off  on  receiving  track  until  road  engine  is  coupled  to  train  on 
departure  tracks.  During  May,  1908,  the  cost  per  car  at  "WN"  where 
there  is  no  weighing  done,  was  13.7  cents  and  23.1  cents  per  cut.  At 
Juniata  scales  during  the  same  month  it  was  14.4  cents  per  car  and  35.2 
cents  per  cut.  The  difference  in  the  cost  at  the  two  points  is  due  to 
the  fact  that  at  Juniata  scales  each  and  every  car  is  cut  apart  to  be 
weighed  and  ridden  over  the  scales  by  a  car  dropper.  There  are  no 
figures  at  hand  showing  the  cost  per  car  from  the  time  they  enter  the 
yard  until  they  are  coupled  to  the  road  engine  outbound,  but  the  above 
figures  will  nearly  show  the  cost  from  the  time  they  are  moved  from 
the  receiving  yard  until  they  are  classified  ready  to  be  made  up  into 
trains. 

20.       PENNSYLVANIA     RAILROAD. 

(Yard    at    Enola,    Pa.     See    Figs.    19    and    20.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one  hour, 
7  eastbound  and  9  westbound. 

2.  Average  number  of  cars  per  train,  50  cars  per  train  eastbound 
and  45  cars  per  train  westbound. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  33 
trains  eastbound  and  38  westbound. 

4.  The    average   train    pushed    over    the    hump    has    68    cars    (3,800 
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tons).  Only  one  pusher  engine  is  used  in  handling  some  trains,  but 
with  the  majority  of  trains  it  is  necessary  to  assist  the  pusher  engine 
with  a  pole  by  getting  alongside  the  trains  to  be  shifted.  Two  engines 
are  used  only  in  extreme  cold  weather,  when  two  engines  are  coupled 
together. 

5.  Average  number  of  cuts  per  train,  25  cuts  eastbound  and  29  cuts 
westbound. 

6.  The  scales  in  the  yard  are  not  located  on  the  hump. 

7.  Cars  are  uncoupled  to  be  weighed. 

8.  The  scales  are  located  at  the  extreme  cast  end  of  the  yard,  just 
east  of  the  shops.     To  reach  them  requires  a  regular  movement. 

9.  The  amount  of  weighing  is  so  very  small  that  it  does  not  inter- 
fere to  any  great  extent  with  the  work.  Cars  are  cut  out  from  trains 
to  be  classified  and  w*eighed  with  engine  located  at  east  end  of  yard. 

10.  The  make  up  of  the  yard  and  the  nature  of  the  business  only 
can  determine  the  question  as  to  the  location  of  the  scale. 

11.  In  the  yard  there  are  2  engines  for  eastbound  trains  and  2 
for  westbound  trains,  which  are  used  for  hump  work  exclusively.  Also 
one  engine  eastbound  and  one  westbound,  located  at  the  shops,  and 
one  engine  at  eastbound  and  westbound  end^  of  the  yard,  making  up 
trains  and  classifying  cars. 

12.  The  hump  engine  does  not  keep  its  train  moving  continuously 
at  slow  speed.  Stops  are  made  after  draft  riders  are  all  cut  oflf  from 
train  until  they  return. 

13.  The  classifying  capacity  of  the  hump  as  determined  by  con- 
tinuous operation  is  as  follows: 

Eastbound.  Westbound. 

One  hour   81  cuts  108  cuts 

Five  hours  291     "  389    " 

Ten  hours  580    "    1,318  cars  "    688     "    1,396  cars 

One  day    (24  hours) ...  .900     "    2,151     "  1,205     "    2,488     " 

14.  One  hour  is  allowed  for  meals  and  for  changing  engines  and 
crews,  cleaning  fires,  etc. 

15.  The  hump  is  actually  in  operation  i5'/4  hours  out  of  each  24 
hours. 

16.  There  are  15  car  riders  employed. 

17.  This  number  of  car  riders  is  only  sufficient  to  handle  the 
average  movement. 

18.  The  proper  number  of  car  riders  to  employ  to  secure  the  great- 
est economy  of  operation  is  determined  by  keeping  a  close  watch  on 
the  reports  of  trains  moving  toward  the  yard  from  the  different  divisions. 

19.  The  switches  are  operated  by  air.  One  man  is  assigned  to  this 
work  on  each  hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to  train 
on  departure  track)  is  10  cents, 
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Notes. — The  eastbound  yard  consists  of  a  receiving  and  classifica- 
tion yard  for  loaded  cars,  most  of  which  are  despatched  over  the  low 
grade  freight  line  to  Trenton,  the  remainder  leaving  the  low-grade  freight 
line  at  Glen  Loch  and  going  into  Philadelphia  yard. 

The  westbound  yard  consists  of  a  receiving  and  classification  yard 
for  empty  cars  going  west  for  distribution. 

Enola  yard  is  located  on  the  east  side  of  the  Susequehanna  river, 
opposite  Harrisburg  yard,  and  relieves  Harrisburg  yard  to  a  consider- 
able extent. 

21.     PENNSYLVANIA  LINKS    (Northwest   System). 
(Conway,  Pa.;  Eastbound  Yard  No.  4.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,   12. 

2.  Average  number  of  cars  per  train,  45. 

3.  Average   number   of  trains   enter   receiving  yard  in   24  hours,  25. 

4.  Two  engines  are  used  to  the  hump  train.  They  push  55  cars 
over   the   hump    (3,500   tons). 

5.  Average  number  of  cuts  per  train,  20. 

6.  Percentage   of   cars    weighed    that   pass   over    hump,    5    per    cent. 

7.  Cars    are   uncoupled   to    be    weighed. 

8.  The   scale   is   located  on   the  hump,   300   ft.    from   the   summit. 

9.  The  classifying  capacity  of  the  yard  is  not  diminished  by  this 
location  of  the  scales,  considering  that  if  located  elsewhere  the  cars 
to  be  weighed  must  be  switched  out,   weighed,  and  then  classified. 

11.  Five  engines  are  used:  Two  are  used  in  making  up  trains 
in  classification  yard,  one  ("snapper  engine")  shoving  tracks,  returning 
car   riders,   etc. ;   and   two   shoving  trains    over  the   hump. 

12.  The  hump  engine  keeps  its  train  moving  continuously  at  slow 
speed   over   the   hump. 

13.  The  classifying  capacity  of  the  hump,  as  determined  by  con- 
tinuous  operation,   is    as   follows : 

Average.  Maximum. 

One   hour    62  90 

Five  hours   295  425 

Ten  hours  550  810 

One  day   1,060  1,450 

14.  One  hour  is  allowed  for  meals ;  45  minutes  for  changing  en- 
gines and  crews,  including  time  for  changing  to  relief  engine  when 
one   in   use   is   relieved    for   cleaning   fire,   coaling,    etc. 

15.  The  hump  is  actually  in  operation  19  hours  per  day  under 
normal   operating   conditions. 

16.  There  are  20  car  riders.  They  are  returned  to  the  hump  by 
snapper  engine   (see  No.  11). 

17.  The  number  of  car   riders   employed   is   sufficient   to  handle   all 
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the  cars  that  can  be  drilled  before  the  "snapper"  engine  is  required  to 
clear  the   ladders  and  shove  tracks. 

i8.  The  proper  ninnber  of  car  riders  to  secure  the  greatest  econ- 
omy of  operation  is  governed  by  the  maximum  number  of  cars  that 
can  be  cut  off  in  one  round  without  stopping  the  hump  engines,  and  by 
the  number  of   trains   received   per  hour. 

19.  The  switches  are  operated  by  hand.  Eight  switches  are  assigned 
to  one  switchman. 

20.  Having  two  scales  on  a  hump  makes  it  practicable  to  have  a 
winter  and  a  summer  hump,  the  winter  hump  having  steeper  grades. 
Repairs  can  be  made  to  scales  without  stopping  operations  on  the  hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  the  receiving  track  until  the  road  engine  is  coupled 
to  the  train  on  the  departure  track)   is   18  cents. 

22.     PENNSYLVANIA  LINES    (Southwest  System). 
(Information   covering  nine   hump   yards.) 

The  following  information  is  given  for  nine  hump  yards  on  the 
Southwest  System.  In  some  cases  only  one  hump  is  located  at  one 
point.  In  others  there  are  two,  one  being  eastbound  and  the  other 
westbound. 

The  average  number  of  cars  in  24  hours  over  single  humps  runs 
about  as  follows:     1,064,   1,286,  600,  900,  600,  700,  800. 

The  maximum  number  of  cars  over  a  single  hump  in  24  hours,  at 
different  points,  is   1,296,    1,348,    1,100,   1,440,    1,200,    1,400,    1,500. 

In  only  one  of  these  yards  are  two  engines  regularly  employed. 
All  of  the  others  have  one  engine  in  the  day  and  one  engine  at  night. 
In  some  a  second  engine  is  employed  in  severe  weather  and  during 
very  heavy  business.  When  a  single  engine  is  employed,  it  is  placed 
at  the  rear  of  the  train  and  pushes  a  string  of  cars  over  the  hump. 
When  a  second  engine  is  employed  it  is  usually  placed  alongside  of 
the  ladder  and  assists  in  pushing  stopped  cars  into  the  classification 
yard.  It  has  been  found  exceedingly  important  to  keep  the  classification 
yard  switches  as  close  to  the  hump  as  possible ;  otherwise,  the  second 
engine  becomes  inevitable,  and  increases  the  cost  of  switching. 

Many  records  have  been  taken  of  the  actual  time  consumed  in 
switching  cars,  and  it  has  been  found  to  run  as  follows,  in  different 
yards,  according  to  the  distance  of  the  classification  yard  switches  from 
the  hump.     The  following  figures  are  per  car: 

I  min.  51  sees.  i  min.    2  sees. 

I      "      8     "  57    " 

I     "      4     "  54    " 

As  a  matter  of  fact,  while  switching  is  actually  going  on,  the  time 
of  switching  is  only  from  23  to  34  per  cent,  of  the  total  time  consumed. 
If,  therefore,  ihe  time  consumed  per  car  for  switching  is  54  seconds,  it 
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would  be  possible  to  put  over  the  hump  i,6oo  cars  in  24  hours.  It  will 
be  seen  that  the  records  given  above  for  maximum  switching  are  fair. 
One  of  our  superintendents  estimates  he  can  even  put  2,000  cars  over 
a   hump  in  24  hours. 

There  is  one  scale  located  on  the  hump  in  nearly  all  of  these  yards. 
In  some  cases  a  run-around  or  dead  track  is  provided,  if  the  cars  to 
be  weighed  are  a  small  proportion  of  the  total  cars  switched.  In  one 
yard  we  have  duplicate  scales,  side  by  side,  all  of  the  cars  switched 
being  weighed.  Only  one  is  used  at  a  time ;  the  other  is  held  in  reserve 
for  use  while  repairs  are  being  made  to  the  first. 

Our  transportation  officers  are  of  the  opinion  that  where  5  per 
cent,  of  the  cars  switched  are  to  be  weighed,  a  scale  should  be  placed 
on  the  hump.  In  cases  where  the  percentage  is  small,  a  dead  track 
or  run-around  track  must  be  provided  for  switching  without  weighing, 
the  run-around  track  being  preferable  to  the  dead  track,  so  as  not  to 
interfere  with  switching  when  repairs  are  being  made  on  scales.  The 
head  car  is  stopped  on  the  hump,  after  passing  the  scale,  and  a  cut  of 
several  allowed  to  accumulate  with  it,  before  the  entire  cut  is  allowed 
to  start  again  for  the  classification  yard.     This  saves   riders. 

With  reference  to  switching  by  cable ;  some  consideration  has  been 
given  to  the  matter,  but  it  does  not  look  at  present  to  be  reasonable, 
because  of  the  time  lost  in  waiting  for  the  dummy  car  to  be  hauled 
back  to  the  beginning  of  the  track  in  order  to  engage  another  train. 

23.      PHILADELPHIA    &    READING    RAILWAY. 

(Yard  at  Rutherford,  Pa.) 

The  Committee  presents  the  following  information  as  to  operation 
of  the  humps  in  this  yard,  which  was  mentioned  and  illustrated  in  the 
report  of  last  year.  In  addition  to  the  information  as  listed  below,  som.e 
additional  particulars  are  given. 

For  instance,  trains  of  16  or  17  cuts  are  classified  in  from  5  to  7 
minutes,  but  if  there  are  more  cuts  in  the  train  it  becomes  necessary 
to  wait  for  men  to  ride  the  cars.  It  will  be  noted,  therefore,  that  some 
trains  are  classified  at  the  rate  of  more  than  400  cars  per  hour.  Classi- 
fication at  the  rate  of  300  cars  per  hour  is  accomplished  daily,  and  if 
the  supply  of  cars  could  be  kept  reasonably  uniform  this  rate  of  classi- 
fication could  be  made  practically  continuous  over  a  well  designed  hump 
by  using  a  sufficient  number  of  engines  and  men. 

It  will  be  noted  also  that  the  scale  is  not  on  the  hump.  The  per- 
centage of  cars  to  be  weighed  is  very  small  at  this  place.  There  is 
no  hump  where  most  of  the  coal  is  weighed,  but  there  is  a  gravity 
yard  with  ideal  grades  both  above  and  below  the  scale.  Here  150  cars 
per  hour  are  weighed  with  great  ease;  all  of  th'>.  work  is  done  by  hand 
and  with  cars  running  sometimes  at  rate  of  lO  miles  per  hour  over  a 
scale  60   ft.    in   length. 
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No  record  of  lioiniy  performance  has  ever  been  kept  at  Rutherford, 
but  they  have  classified  a  few  more  than  1,500  cars  in  a  calendar  day 
with  four  hours  off  duty  (6  a.  m.  to  7  a.  m.,  6  p.  m.  to  7  p.  m.,  and 
at  noon  and  midnight).  They  have  classified  more  than  900  cars  on 
one  12-hour  period  (with  2  hours  off  duty,  as  stated  above),  thus 
making  a  lo-hour  average  of  90  cars  per  hour.  These  results  are  far 
below  what  could  be  accomplished  if  the  hump  could  be  kept  constantly 
employed. 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  5. 

2.  Average  number  of  cars  per  train,  44. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  30. 

4.  The  average  train  pushed  over  hump  lias  44  cars  (2,500  tons). 
It   is  handled  with  two  engines,  weighing  83  tons. 

5.  The   average   number   of  cuts  per   train   is   29. 

6.  Only  0.5  per  cent,  of  the  cars  that  pass  over  the  hump  are 
weighed. 

7.  The   cars   are  not  uncoupled   to   be   weighed. 

8.  The  scale  is  located  on  the  approach  to  the  hump,  but  on  a 
separate  track.     Cars  to  be  weighed  are  dropped  back  on  scale. 

10.  The  scale  should  be  on  the  hump,  and  as  close  to  its  apex 
as  possible. 

11.  There  are  6  locomotives  employed  in  yard;  2  on  each  hump,  i 
in  each  yard. 

12.  The  hump  engine  keeps  its  train  moving,  except  when  stopped 
awaiting  return  of  car  riders. 

13.  The  classifying  capacity  of  one  hump,  as  determined  by  con- 
tinuous  operation,    is    as    follows : 

One  hour,  150  cars;  Five  hours,  600;  Ten  hours,  900;  One  day 
(20  hours  on  duty),  1,500  cars.  Frequently  classify  at  the  rate  of 
300  cars  or  more  per  hour. 

14.  One  hour  in  each  trick  of  12  hours  is  allowed  for  meals,  and 
for  changing  engines  and  crews,  cleaning  fires,  etc. 

15.  The  hump  is  actually  in  operation  about  12  hours  in  a  calendar 
day,  under  normal,  operating  conditions. 

16.  There  are  17  car  riders  employed  on  the  eastbound  side  (23 
classification  tracks)  ;   12  on  the  west  side    (11   tracks). 

17.  The  number  of  car  riders  employed  is  sufficient  only  to  handle 
average  movement. 

19.  The  switches   are  operated  by  hand,  3   to  7   to  a  switchman. 

20.  No  advantage  can  be  gained  by  the  use  of  two  scales  on  a 
hump,  except  in  case  of  breakdown.  It  is  better  to  keep  duplicate 
parts.     If  placed,  they  should  be  close  together  and  opposite. 
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24.      PITTSBURG     &    LAKE    ERIE    RAILROAD. 

(Yard  at   Hazelton,    Pa.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  5. 

2.  Average  cars  per  train,  65. 

3.  Average  number  of  trains  entering  the  receiving  yard  in  24 
Iiours,  22. 

4.  The  average  train  pushed  over  the  hump  has  45  cars  of  100,000 
lbs.  capacity.     One  90-ton  engine  is  used. 

5.  Average  number  of  cuts  per  train,  25. 

6.  None  of  the  cars   are   weighed  on   the   hump. 
8.    There  are  no  scales. 

II.  Three  locomotives  are  employed;  one  for  shoving  cars  over 
the  hump;  one  for  bringing  the  car  riders  back;  one  for  switching 
out   cars  with   defective  brakes   after   train    is    made   up. 

12.  The  engine  keeps  its  train  moving  continuously  over  the  hump. 

13.  The  classifying  capacity  of  the  hump  is  as  follows : 

Average.  Maximum. 

One  hour    70  cars  100  cars 

Five  hours   350    "  500    " 

Ten  hours    700    "  1,000    " 

One   day    1,400     "  2,000     " 

14.  One   hour   is   allowed    for   meals   and   cleaning   engine   fires. 

15.  The  hump  is  actually  in  operation  about  20  hours  out  of  the  24. 

16.  Seven  car  riders  are  employed ;  they  walk  back  or  ride  on  the 
engine  provided   for  the  purpose. 

17.  This  number  of  riders  is  sufficient  only  for  the  average  move- 
ment. 

18.  The  number  of  car  riders  to  be  employed  is  determined  by 
keeping  in  touch  with  connections,  and  figuring  how  many  cars  will 
be  moved. 

19.  The  switches   are  operated  by   hand ;    16  switches   to   one   man. 
21.    The   cost  per  car   for  yard  handling    (from   the   time   the    road 

engine  is  cut  off  on  the  receiving  track  until  the  road  engine  is  coupled 
to  the  train  on  the  departure  track)    averages  9  cents. 

25.      SOUTHERN    RAILWAY. 

(Asheville,   N.    C. ;    West  and   East  Receiving  Yards.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one 
hour,  4. 

2.  Average  number   of   cars  per   train,   30. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  20. 

4.  The  average  train  pushed  over  the  hump  by  one  engine  (weigh- 
'"ff  235,050  lbs.)   has  30  cars,  or  1,200  tons.     Two  engines  are  not  used. 

5.  Average  number  of  cuts  per  train,    15. 
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6.  About  10  per  cent,  of  the  cars  that  pass  over  the  hump  are 
weighed. 

7.  Cars   are   uncoupled   to   be   weighed. 

8.  The  scale  is  located  on  the  hump,  50  ft.  from  the  summit. 

9.  With  the  scale  located  on  the  hump,  the  classifying  capacity  of 
the  yard  is  not  diminished. 

11.  Two  engines  are  employed  by  day,  and  two  at  night.  One 
works  on  the  humps.  The  other  does  city  business  and  handles  pas- 
senger equipment. 

12.  The  hump  engine  keeps  its  train  moving  continuously  at  about 
3   miles  per   hour. 

13.  The  classifying  capacity  of  the  hump,  as  determined  by  con- 
tinuous operation  for  certain  periods    is  as  follows: 

One   hour,   80  cars. 
Five  hours,  400  cars. 
Ten  hours,  Boo  cars. 
One  day,   1,000  cars. 

14.  One  hour  is  allowed  for  meals  and  for  changing  engine,  crews, 
cleaning  fires,  etc. 

15.  The  hump  is  actually  in  operation  20  hours  in  a  calendar  day 
under  normal  operating  conditions. 

16.  The  number  of  car  riders  employed  is  five  by  day  and  six  at 
night.     They   walk   back   to    the   hump. 

17.  The  number  of  car  riders  employed  is  only  sufficient  to  handle 
the    average   movement. 

18.  The  number  of  car  riders  employed  is  regulated  as  business 
increases  or   decreases. 

19.  The  switches  are  operated  by  hand.  Four  to  one  man  and  six 
to  another. 

20.  For  this  yard,  we  do  not  see  that  any  material  advantage 
would  be  gained  by  the  use  of  two  scales  on  a  hump. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  the  road  engine  is  coupled 
to  train  on  departure  tracks)    is  4^   cents. 

26.      TERMINAL    RAILROAD    ASSOCIATION    OF    ST.    LOUIS. 

(Westbound    Yard;    East    St.    Louis,    111.) 

1.  Maximum  number  of  trains  entering  the  receiving  yard  in  one 
hour,  3. 

2.  Average   number   of  cars   per   train,  40. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours,  25. 

4.  The  average  train  pushed  over  hump  has  25  cars    (500  tons). 

5.  Average  number  of  cuts  per  train,   12. 

6.  None"  of  the  cars  are  weighed  that  pass  over  hump.  There  is 
no  scale  in  the  yard. 
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11.  There  is  one   engine  on  the   hump    (day   and  night). 

12.  The   hump    engine    keeps    its    train    moving   continuously. 

13.  The  classifying  capacity  of  the  hump,  as  determined  by  con- 
tinuous operation,  is  as   follows : 

One  hour,  100  cars. 
Five  hours,   500  cars. 
Ten  hours,  1,000  cars. 
Greatest  number  of  cars  actually  switched  over  the  hump  in  a  day 
of  24  hours,  1,400. 

14.  One  hour  is  allowed  for  meals,  and  for  changing  engines  and 
crews,   cleaning   fires,   etc. 

15.  The  hump  is  actually  in  operation  20  hours  per  day  under 
normal    operating   conditions. 

16.  There  are  7  car  riders  (returning  on  foot),  4  switch  tenders, 
I   foreman ;  total,   12  men,  in  addition   to  engine  crew. 

17.  The  number  of  car  riders  employed  is  only  sufficient  to  handle 
the  average  movement,  with  nearly  continuous  operation  of  the  hump. 

18.  The  proper  number  of  car  riders  to  employ  is  determined  by 
the  volume  and  nature  of  business  handled  from  day  to  day,  from  a 
forecast  given  the  general  yardmaster  at  6  a.  m.  and  6  p.  m.  each  day. 

19.  Each   switchman   operates    five   switches,   by   hand. 

21.  The  cost  per  car  for  yard  handling '  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to  train 
on  departure  track)  is  from  8  cents  to  10  cents  per  car.  This  cost  in- 
cludes only  actual  yard  handling,  that  is,  time  of  switching,  engine  crew 
and   fuel,  water  and  supplies   for  the  switching  engine. 

27.      VANDALIA    RAILROAD. 

(East   Yard;    Terre   Haute,    Ind.     See   Fig.    21.) 

1.  Maximum  number  of  trains  entering  receiving  yard  m  one 
hour,    12. 

Eastbound    receiving   yard,    5    tracks,   one    running   track. 
Westbound  receiving  yard,  12  tracks,  one  running  track. 
Michigan   Division  receiving  yard,  7  tracks,   i   running  track. 
Classification   receiving  tracks,  two  tracks. 

2.  Average  number  of  cars  per  train,  19  (900  cars  received 
per    24    hours). 

4.  Trains  of  30  cars  average  1,000  tons.  Small  trains  are 
doubled  up  in  the  receiving  yards  by  the  hump  engine  for  hump  classifi- 
cation, in  order  to  facilitate  yard  movement  to  hump.  The  train  is 
handled  by  one  engine  weighing  225  tons.  Two  engines  are  used  to 
push  cuts  over  the  hump  only  in   extremely  cold  weather. 

5.  There  is   an   average  of  12  cuts  per   train. 

6.  About  10  per  cent,  of  the  cars  that  pass  over  the  hump  are 
weighed. 

7.  Cars    are    uncoupled   to    be    weighed. 
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8.  The  track  scale  is  automatic,  and  is  located  one  car  length  from 
summit  or  top  of  incline.  There  is  a  spring  split  switch  at  the  leading 
end.     Cars  are  weighed  without  retarding  the  movement  in  classification. 

10.  The  scale  should  always  be  on  the  hump,  unless  the  proportion 
of  cars  to  be  weighed  is  very  small.  It  then  should  be  located  on  the 
low  end  of  a  classification  track,  into  which  the  cars  to  be  weighed  can 
be  dropped  or  so  that  it  can  be  conveniently  reached  from  such  a  track. 

11.  Two  engines  are  in  service  in  the  hump  yard,  known  as  first 
and  second  hurpp  engines.  Both  are  used  to  deliver  cars  to  the  hump, 
classifying  same,  shoving  tracks,  and  building  or  making  up  trains  for 
outbound  movement.  All  outbound  trains  depart  from  the  classification 
yard. 

12.  Trains  are  moved  over  the  lAnnp  at  a  speed  not  to  exceed 
three  miles  per  hour.  Stops  are  made  to  allow  riders  to  return  to 
hump,  and  for  inspection  of  brakes  and  under  rigging,  etc.,  on  cars 
found  with  defective  brakes  or  carded  as  such.  The  hump  conductors 
direct  inspection  or  test  of  brakes. 

13.  The  average  classifying  capacity  of  the  hump  is  three  switches 
or  cuts  per  minute.  The  maximum  classifying  capacity  of  the  hump 
is  limited  only  by  the  number  of  car  riders  available  and  ability  to 
relieve  classification  yard  of  cars. 

14.  One  hour  is  allowed  crews  for  meals,  except  when  there  is  a 
crowded  yard  or  occasion  to  keep  crew  in  continuous  service.  In  such 
case  they  are  given  from  15  to  20  minutes  to  eat  and  are  allowed  the 
hour.  Engines  in  humps  and  classification  yards  are  relieved  from 
service  at  the  end  of  each  day  and  night  by  a  fresh  or  relief  engine 
from  the  roundhouse,  which  is  properly  coaled,  watered,  etc.,  ready 
for  service.  The  relief  engineman  returns  to  the  house  with  the  first 
engine  exchanged.  This  is  cleaned  and  returned  to  the  yard,  relieving 
the  second  engine,  and  so  on.  The  first  relief  engine  also  handles  a 
coach  from  city  to  yards  for  convenience  of  enginemen,  trainmen  and 
yardmen  changing  shifts. 

15.  The  hump  is  in  actual  operation  18  hours  per  calendar  day 
under  normal  operating  conditions. 

16.  There  are  eight  car  riders  employed  by  day,  and  six  at  night. 
They  walk  back  to  the  hump. 

17.  The  number  of  car  riders  employed  is  only  sufficient  to  handle 
the  average  movement  with  nearly  continuous  work  for  the  hump  engine. 

19.  There  are  two  switch  tenders  by  day  and  night,  operating  from 
the  hump  and  what  is  known  as  "in  the  field,"  respectively.  The  hump 
switch  tender  handles  three  switches,  directing  movement  of  cars  to  as 
many  ladders,  and  assists  in  lining  switches  around  hump  for  outgoing 
trains.     The  "field"  switch  tender  has  some  25  switches  to  look  after. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
cngipo  is  cut  oflf  on  receiving  track  until  road  engine  is  coupled  to  train 
on  departure  track)    is  8  cents. 
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28.       WASHINGTON     SOUTHERN     RAILWAY. 

(Potomac  Yard;  north  of  Alexandria,  Va.) 

1.  Maximum  number  of  trains  entering  receiving  yard  in  one  hour : 
northbound,  S ;  southbound,  7. 

2.  Average  number  of  cars  per  train:  northbound,  21.96;  south- 
bound, 20.91. 

3.  Average  number  of  trains  entering  receiving  yard  in  24  hours: 
northbound,  32.51;  southbound,  28.87. 

4.  The  average  northbound  train  pushed  over  the  hump  has  20 
loads  and  2  empties,  840  tons.  Southbound,  6  loads  and  14  empties, 
520  tons.     One   engine  is   used   on   each   hump,   120  tons. 

5.  Average  number  of  cuts  per  train:  northbound,  15.14;  south- 
bound, 13.65. 

6.  Percentage  of  cars  weighed  that  pass  over  hump,  northbound, 
18.43  per  cent. 

7.  Cars  are  uncoupled  to   be   weighed. 

9.  The  classifying  capacity  of  the  yard  is  not  diminished  by  scale 
located  on  the  hump. 

10.  The  scale  should  be  located  on  the  hump. 

11.  There  are  five  locomotives  by  day  and  six  at  night.  One  loco- 
motive classifying  trains  on  the  northbound  hump;  one  classifying  trains 
on  the  southbound  hump.  One  at  the  north  end  and  one  at  the  south 
end  of  the  yard  making  up  trains,  switching  out  cars  that  have  been 
shopped,  and  other  work  of  this  character.  One  doing  general  yard 
work,  placing  coal  on  the  coal  wharf,  removing  the  loaded  and  placing 
empty  cars  at  the  ash  track,  placing  loads  and  removing  empties  from 
the  storeroom  track,  placing  coal  on  the  power  house  siding,  switching 
cars  in  and  out  of  the  shop  yard,  bulk  transfer,  and  less-than-carload 
transfer  station.  One  (at  night)  placing  loads  and  removing  empties 
from  outlying  sidings  outside  of  the  yard  proper,  such  as  serving  indus- 
tries and  local   freight  station. 

12.  The  hump  engine  keeps  its  train  moving  continuously,  but 
stops  are   made  when   the   car   riders  are   exhausted. 

13.  The  best  results  are  obtained  with  the  movement  at  a  speed 
of  two  miles  per  hour  passing  the  summit.  At  this  speed,  three  cars 
per  minute  would  pass  that  point,  everything  being  in  balance.  In 
practice,  this  number  is  diminished  by  reason  of  adjusting  brakes,  cut 
levers  not  operating  properly,  mistakes  made  in  preparing  switching 
list,  switch  tenders  making  mistakes  in  getting  the  cars  on  the  wrong 
tracks,  cars  stalling  before  entering  the  classifying  tracks  by  reason 
of  the  riders  applying  the  brakes,  or  brake  hanging,  or  other  causes. 

14.  Two  hours  are  allowed  for  meals,  one  at  noon,  the  other  at 
midnight.  From  20  to  30  minutes  are  lost  in  changing  from  day  to 
night  force,  and  from  night  force  to  day  force.  No  time  is  lost  by 
reason   of  cleaning  fires,  as   the   engines   are   sent   to   the   ash   track   at 
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the  time  the  crews  are   stopped   for  meals.     The   engine   crew,   however, 
is  allowed  time  for  taking  the  engine  to  and  from  the  ash  track. 

15.  The  humps  are  in  actual  operation  for  the  24  hours,  excepting 
during  the  midnight  and  noon  meal  hours ;  also  at  6  a.  m.  and  6  p.  m., 
when   forces  change,   and   when   awaiting  return   of   car   riders. 

16.  There  are  7  car  riders  employed  for  the  northbound  hump,  and 
6  for  the  southbound.     They  walk  back   to  the  hump. 

17.  The  number  of  car  riders  employed  is  sufficient  to  handle  the 
average  movement  with   nearly  continuous  operation  of  the  humps. 

18.  The  regular  number  of  car  riders  is  put  out  daily;  this  was 
determined'  by  the  minimum  day's  business.  At  4  a.  m.  and  4  p.  m. 
the  situation  is  canvassed  as  to  the  probable  run  for  the  following 
twelve  hours,  and  additional  car  riders  are  put  out  at  6  a.  m.  and  6 
p.  m.  to  meet  any  abnormal  run. 

19.  Switches  are  operated  by  hand.  The  number  of  switches  as- 
signed to  one  switchman  is  governed  by  the  number  of  cuts,  and  location 
of  switches. 

20.  If  two  scales  were  located  at  the  same  distance  from  the  sum- 
mit on  the  hump,  one  at  a  higher  elevation  than  the  other,  and  their 
use  governed  by  weather  conditions,  this  would  be  an  advantage.  The 
receiving  and  classifying  yards  could  be  so  arranged  with  two  scales 
on  the  summit  that  two   trains   could  be  classified   at  the  same   time. 

21.  The  cost  per  car  for  yard  handling  (from  the  time  the  road 
engine  is  cut  off  on  receiving  track  until  road  engine  is  coupled  to  train 
on  departure  track)  is  32.4  cents.  This  is  based  on  the  wages  of  the 
following  employes :  Enginemen,  firemen,  conductors,  flagmen,  brakemen, 
switchtenders,  yardmasters,  assistant  yardmasters,  yard  clerks,  yard 
messengers. 

NOTE.— GRADES   OF    HUMPS   IN    PEN    HORN    YARD   OF    ERIE  RAILROAD. 
(See  pages  45  and  46.) 


North  Htjmp. 

South  Hump. 

Grades, 
per  cent. 

Length, 
feet. 

Grades, 
per  cent. 

Length, 
feet. 

Yard  (ascending) 

Ascending 

A.scending 

0  02 

1  38 

Yard  (ascending) 

0.01 
0.98 
2.40 
2.81 
0  90 
2.10 
1.22 
0  017 

■'ioo" 

75 
125 

50 
200 
200 

6.65 

.«;n 

2.62              50 
0.72              50 
2.68     1       275 
1.12     1         25 
2.97              75 
1 .62            250 
1 .24              75 
0  94            22.«; 

Ascending 

Descending 

Descending 

Ascending 

Yard  (descending) 

Total  length  of  hump  .  . 

Descending 

Descending 

Descending 

Yard  (descending) 

Total  rise  of  hump 

0.46 
0  013 

275 

i,350" 
10.89 

Total  rise  of  hump  .... 



Appendix  B. 

OPERATION    OF    THE    GALESBURG    YARD:     CHICAGO,    BUR- 
LINGTON  &   QUINCY   RAILWAY. 

(From  a  paper  read  before  the  Burlington  Association  of  Operating  Officers 
by  J.  W.  Mulhern.) 

As  is  well  known,  the  railway  owners  of  Western  trunk  lines  have 
not  until  the  last  few  years  given  the  matter  of  enlarging  division 
yards  and  terminal  facilities  the  consideration  they  justly  deserve  for 
the   expeditious    and   economical    handling   of   the    fast-growing   traffic. 

Probably  there  is  no  division  point  on  any  railroad  in  the  West, 
surely  none  on  the  C,  B.  &  Q.,  where  improved  s^witching  facilities  are 
more  necessary  than  at  Galesburg,  where  trains  are  received  from  and 
made  up  for  forwarding  in  eight  diflferent  directions.  This  necessity, 
however,  has  been  clearly  recognized  by  our  present  management,  with 
the  result  that  we  have  now  nearing  completion,  and  in  full  operation, 
what  to  most  of  us  on  the  Burlington  System  is  a  new  type  of  yard, 
commonly  called  a  "double  hump  yard."  This  is  nothing  more  than 
two  separate  yards,  so  arranged  as  to  permit  of  free  interchange  of 
cars  with  the  minimum  amount  of  switching,  so  essential  where  there 
are  so  many  diverging  routes,  as  above  indicated.* 

A  hump  yard  is  one  in  which  the  movement  of  a  car  is  produced 
by  pushing  it  over  a  summit,  beyond  which  it  runs  by  gravity.  A  train 
of  cars  to  be  separated  and  classified  is  pushed  out  of  the  receiving 
yard  to  the  summit  of  the  hump,  where  each  car,  or  cut  of  cars,  is 
boarded  by  a  rider,  or  switchman,  who  tests  his  brakes.  The  car,  or 
cut  of  cars,  being  uncoupled,  acquires  a  speed  on  the  downgrade  that 
carries  it  over  the  frogs  and  switches  onto  the  proper  track  in  the 
classification  yard  without  further  assistance,  the  rider  so  controlling 
the  car  (or  cut  of  cars)  as  to  stop  it  at  the  desired  point,  so  as  to 
prevent  damage  by  the  cars  being  run  together  at  too  high  a  rate  of 
speed. 

The  new  Galesburg  yards  are  designed  as  "eastbound"  and  "west- 
bound" humps.  The  eastbound  yard  is  comprised  of  S  receiving  yard 
from  the  south  and  west,  with  six  receiving  tracks  of  a  capacity  of  480 
cars.  This  receiving  yard  is  built  on  a  grade  of  0.3  per  cent.,  beginning 
at  the  entrance,   and   running  3,675   ft.,   where   we  get   a   level   for    1,400 


♦A  plan  of  this  yard  is  given  in  Fig.  16.     Details  of  its  operation  are  given 
on  page   285. 
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ft.,  which  brings  us  to  the  base  of  the  hump.  Then  there  is  575  ft. 
of  I.I  per  cent,  grade,  and  then  75  ft.  of  vertical  curve,  which  carries  cars 
easily  over  the  hump  and  starts  them  on  the  down  grade.  We  next 
have  65  ft.  of  2  per  cent,  grade  over  the  automatic  scale,  and  then  135  ft. 
of  3  per  cent,  grade,  after  which  follows  50  ft.  of  2  per  cent.  Then 
510  ft.  of  0.8  per  cent.,  which  carries  over  all  frogs  and  switches  of  the 
classification  or  assorting  yard ;  then  2,700  ft.  of  0.2  per  cent,  grade, 
which  carries  into  the  forwarding  yard.  There  are  21  classification 
tracks,  with  a  capacity  of  977  cars.  Six  of  these  tracks  are  extended 
so  as  to  hold  a  full  train  of  80  cars  each,  three  of  the  tracks  being 
accessible  from  the  running  track,  which  is  on  the  east  side  of  the  hump 
and  paralleling  the  Quincy  main  line.  These  tracks  are  used  largely 
for  handling  full  trains  of  stock  that  do  not  have  to  go  over  the  hump. 

Naturally,  one  would  think  that  with  21  classification  tracks  it  would 
be  sufficient  to  take  care  of  the  different  separations  and  classification 
of  cars  for  the  different  tracks.  But  when  you  consider  that  we  have 
52  separations  or  groups  in  the  yard,  that  we  have  to  keep  non-air  cars 
separated  from  air-brake  cars  going  to  the  same  destination,  it  will  be 
seen  that  there  will  be  more  rehandling  than  would  appear  at  first 
glance.  This  will  be  largely  overcome,  of  course,  when  all  cars  are 
equipped  with  air,  and  all  cars  for  certain  destinations  can  be  dropped 
onto  certain  tracks,  instead  of  onto  two  tracks  for  each  destination,  as 
at  present.  You  will  readily  see  the  necessity,  then,  for  some  rehandling, 
which  will  be  largely  eliminated  later. 

As  the  regularly  assigned  tracks  for  cars  for  certain  destinations 
become  filled,  the  forwarding  engine,  which  works  between  the  forwarding 
yard  and  the  assorting  yard,  pushes  the  cars  out  in  the  forwarding  yard, 
which  is  comprised  at  present  of  three  forwarding  tracks,  holding  85 
cars  each. 

In  the  organization  of  this  hump,  we  have  a  Class  D-4  engine  push- 
ing trains  over  the  hump.  The  crew  is  comprised  of  an  assistant  yard- 
master,  who  has  charge  of  the  entire  east  hump  yard,  foremen  in  charge 
of  the  hump  engine,  a  pin  puller,  and  ten  riders.  A  joint  tonnage  and 
weigh  clerk,  located  at  the  summit,  weighs  such  cars  as  may  be  neces- 
sary, and  keeps  account  of  the  tonnage  passing  into  each  classification 
track. 

We  have  a  light  Class  E  engine,  used  in  the  classification  yard  for 
carrying  the  men  back  to  the  hump,  which  increases  the  efficiency  of  the 
riding  force  about  50  per  cent.  When  you  consider  that  a  train  of  55 
cars  will  average  about  26  cuts,  with  an  average  of  about  iH  cars  to  the 
cut,  the  necessity  of  hurrying  the  riders  back  to  the  hump,  when  doing 
a  heavy  business,  will  readily  be  recognized.  The  engine  crew  working 
in  the  forwarding  yard   is  comprised  of  a  foreman   and   two  helpers. 
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It  might  be  argued  that  the  Class  E  engine  used  for  carrying  the 
riders  back  could  be  replaced  by  a  gasoline  motor.  But  when  you 
figure  that  frequently  cars  with  defective  brakes,  or  bad-order  cars,  get 
into  a  cut,  and  it  is  necessary  to  let  them  go  down  the  wrong  track  in 
order  that  they  can  be  handled  safely  until  the  hump  engine  has  finished 
handling  the  string  of  cars,  the  advantage  of  having  this  light  engine 
take  care  of  such  cases  can  be  readily  seen,  and  the  difference  in  cost 
between  the  light  engine   and  the   motor  car   is   more  than   overcome. 

This  crew  of  men,  as  described,  in  the  east  hump  yard,  with  one 
car-marker  and  a  car-checker,  will  handle  on  an  average  of  1,050  cars 
each   ten-hour   shift. 

In  a  recent  test  with  a  D-4  engine,  we  started  out  of  the  receiving 
yard  with  95  loads  and  3  empties,  a  total  of  4,919  tons,  which  were 
handled  to  the  summit  of  the  hump,  and  the  entire  train  shoved  over 
without  trouble. 

The  westbound  hump  is  constructed  on  the  same  principle  as  the 
eastbound  hump,  except  that  we  have  in  the  incoming  yard  nine  receiv- 
ing tracks,  with  a  total  capacity  of  739  cars,  and  four  of  the  tracks  in 
the  classification,  or  assorting  yard,  are  extended  into  the  forwarding 
yard,  thus  giving  the  classification  yard  of  the  west  hump  a  capacity 
of  1,196  cars  direct  from  the  hump.  These  four  long  tracks  were  laid 
for  the  purpose  of  taking  care  of  trains  of  empty  stock  cars  \  received 
from  the  east.     Each  track  will  hold   126  cars. 

In  the  forwarding  yard  of  the  westbound  hump  we  have  six  forward- 
ing tracks,  with  a  capacity  of  80  cars  each.  In  the  westbound  hump 
yard  we  have  on  the  way-car  and  repair  tracks  a  capacity  of  138  cars, 
and  in  the  eastbound  hump  yard  for  the  same  class  of  cars,  a  capacity  for 
storing  115,  or  a  total  car  capacity,  in  both  yards,  of  4,397  cars. 

The  westbound  hump  is  operated  in  the  same  manner  as  the  east- 
bound  hump,  except  that  on  the  night  shift  we  have  twelve  riders  instead 
of  ten,  as  on  all  other  shifts ;  this  is  on  account  of  the  time  freight 
trains,  which  require  more  grouping,  and  necessarily  faster  work. 

When  we  began  using  these  yards,  they  were  in  an  uncompleted 
condition,  and  being  a  new  type  of  yard,  there  was  much  prejudice  on 
the  part  of  the  yard  force,  not  only  the  switchmen,  but  the  yardmasters 
as  well,  to  such  an  extent  that  it  was  necessary  to  import  experienced 
hump  riders  to  establish  the  practicability  of  handling  trains  over  hump 
yards  as   against   the   old   flat  yard   that   they   had  been   accustomed   to. 

Of  course,  the  uncompleted  condition  of  the  3'^ard  had  much  to  do 
with  discouraging  the  men,  and  the  fact  that  we  had  not  yet  secured 
lighting  for  the  yard  at  nights  resulted  in  many  casualties  that  other- 
wise would  not  have  occurred.  It  was  not  until  the  latter  part  of 
January,  1907,  that  the  yard  was  so  nearly  completed  as  to  be  considered 
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in  working  condition.  As  a  comparison  I  have  taken  the  month  of 
March,  1906,  which  covers  the  heaviest  month's  business  ever  done  in 
the  yard,  with   that  of   1907 : 


Titles. 

March,  1906. 

March,  1907. 

No.  Men. 

Wages. 

No.  Men. 

Wages. 

Yardmasters  and  assistants 

6 
3 

15 
164 

37 

S      513.24 

116.77 

806.38 

13,365.47 

1,632.93 

8 
2 

29 
142 

40 

$1,021.48 
110.00 

Switch  tenders 

1,580.71 

Switchmen 

Yard  office  force 

12,995.38 
1,784.94 

Total.  .. .' 

225 

32 
32 

$16,434.79 

78,740 

$  3,455.22 
2,107  68 

221 

24 

24 

$17,492.51 

Number  cars  handled 

76,437 

Enginemen 

$'3  256  25 

1,723  21 

Total 

64 
32 

$  5,562  90            48 

$  4,979.46 

24 

You  will  observe  from  this  that  while  there  was  a  decrease  of  2,303 
cars  handled  in  March,  1907,  as  against  March,  1906,  there  was  an 
increase  of  $1,052  in  wages  paid  yardmen  over  March,  1906.  There 
was  a  decrease  of  eight  engines  per  day,  and  a  decrease  in  wages  paid 
enginemen   of  $583,   as   against  iMarch,    1906. 

When  we  consider  that  $483  of  the  wages  paid  enginemen,  and 
$1,900  of  the  wages  of  yardmasters  and  switchmen  is  due  to  the  increase 
in  wages  that  went  into  effect  November  i  and  February  x,  it  will 
leave  a  net  decrease  in  wages  of  yardmen,  in  1907,  as  compared  with 
1906,  of  $897,  and  enginemen  $967  for  March,  based  on  the  wages  paid 
in  that  month.  This  increase  in  yardmen  is  made  up  of  additions  to 
the  clerical  force,  switchtenders,  and  two  additional  yardmasters,  the 
additional  switchtenders  being  made  necessary  on  account  of  the  spread- 
ing of  the  yard  over  so  much  territory. 

While  the  actual  reduction  in  yard  operating  expenses  may  be  some- 
what of  a  disappointment,  the  reduction  in  overtime  paid  to  trainmen  and 
enginemen  in  March,  1907,  as  compared  with  March,  1906,  when  trains 
were  held  out  on  the  road  for  miles  on  either  side  of  Galesburg,  and 
only  allowed  to  come  into  Galesburg  as  the  yard  was  enabled  to  handle 
them,  will  overcome  any  disappointment  that  may  be  felt  in  the  reduction 
of  expenses  of  the  actual  operation  of  the  yard.  The  following  figures 
show  the  overtime  paid  trainmen  and  enginemen  on  account  of  Galesburg 
yard  in  March,   1907,   as  compared  with    March,    1906: 

1906.  1907.  Decrease. 

Overtime     $13,253.71         $565.71         $12,688.00 

The  above  overtime  is  for  the  Aurora,  Galesburg,  Beardstown  and 
Ottumwa  divisions. 
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Most  of  the  $565  is  chargeable  to  the  Galesburg  Division  alone, 
caused  principally  by  trains  going  out  on  single  track,  due  to  the  inbound 
trains  which  they  were  to  meet  in  the  yard,  and  on  the  basis  of  whose 
arrival  the  outbound  train  was  ordered,  which  in  turn  delayed  work  on 
following  trains  that  were  ordered  before  the  delay  to  the  inbound  train 
became   known. 

This  explanation  is  made  with  a  view  o£  showing  the  wisdom  of 
so  far  as  possible  having  double  track  to  the  first  station  outside  of  all 
hump  yards. 

Again,  you  must  have  sufficient  receiving  tracks  to  let  trains  in 
promptly  and  in  bunches,  or  at  least  equal  to  the  ability  of  the  main 
lines  that  feed  such  receiving  yards,  as  with  the  best  dispatching  force 
iij  the  country  trains  will  get  bunched  at  times,  by  first  one  cause  and 
then  another,  regardless  of  how  they  were  separated  when  leaving  the 
originating  or   starting  point. 

The  general  yardmaster  is  located  at  the  yard  office  and  remains 
there,  closely  handling  his  various  assistants,  which  he  is  enabled  to  do 
by  a  very  good  telephone  system. 

While  the  new  yard  may  not  have  met  our  expectations  as  to  re- 
ducing the  expense  of  actual  yard  operation,  it  has  demonstrated  beyond 
a  doubt  the  ability  to  handle  the  traffic  in  transit  in  such  an  efficient  and 
satisfactory  manner  as  to  show  the  wisdom  of  the   expenditure. 

The  figures  mentioned  for  IMarch,  1506,  appear  a  little  exaggerated, 
as  possibly  a  great  many  delays  and  overtime  were  charged  to  Gales- 
burg yard  in  1906  when  they  should  not  have  been-,  although  the  auditor's 
records  show  the  figures  which  I  have  quoted.  ^ 
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LIST   OF   FREIGHT  YARDS  ON    THE   HUMP    SYSTEM. 


Railways  and  Hump  Yard  Locations. 


Baltimore  &  Ohio  (Brunswick,  Cumberland,  Keeper,  Fair- 
mont, Holloway,  Connellsville,  New  Castle  Junction, 
Chicago) 

Boston  »&  Maine  (Worcester) , 

Canadian  Pacific  (Winnipeg) , 

Central  of  New  Jersey  (Allentown,  hump;  Mauch  Chunk, 
gravity,  one  way) 

Chesapeake  &  Ohio  (Russell,  Ky.) 

Chicago  &  Eastern  Illinois  (Dolton,  Haney,  Salem) 

Chicago,  Burlington  &  Quincy  (Hawthorne,  Galesburg).  . 

Chicago,  Indiana  &  Southern  (Gibson,  Ind.) 

Chicago,  Milwaukee  &  St.  Paul  (Galewood,  111.) (poling). . 

Chicago,  Rock  Island  &  Pacific 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis  (Indianapolis, 
Harrisburg,  Mt.  Carmel,  Danville;  contemplated  at 
Indianapolis  and  Sharon) 

Delaware  &  Hudson  (Oneonta,  N   Y.) 

Gulf,  Colorado  &  Santa  Fe 

llhnois  Central  (Harahan) 

Lake  Shore  &  Michigan  Southern  (Elkhart  and  CoUin- 
wood) 

Michigan  Central  (Windsor,  River  Rouge,  North  Detroit) 

Missouri,   Kansas   &   Texas 

Missouri  Pacific  (Part  of  East  Yard  at  Kansas  City  oper- 
ated by  gravity.     Yard  at  Dupo,  111.,  contemplated)..  . 

Nashville,  Chattanooga  &  St.  Louis  (Atlanta) 

New  York  Central  (West  Albany,  Dewitt,  Avis;  contem- 
plated at  Gardenville) 

New  York,  Ontario  &  Western  (Cornwall) 

Norfolk  &  Western  (Bluefield,  W.  Va.;  Columbus,  O., 
partly;  Roanoke,  Va.,  and  South  Norfolk,  Va.,  to  be 
built) 

Peoria  &  Pekin  Union  (East  Peoria) 

Pennsylvania  R.  R.  (Waverly,  West  Philadelphia,  Harris- 
burg, Enola,  Maryville,  Altoona,  HoUidaysburg,  Pit- 
cairn,  Youngwood,  Edge  Moor,  Honey  Pot,  Ebenezer) . 

Pennsylvania  Lines,  Southwest  (Sheridan,  Scully,  Collier, 
Columbus,  Bradford,  Logansport,  Chicago,  Richmond, 
Cincinnati,  Fulton) 

Pennsylvania  Lines,  Northwest(  Wellsville,  Bedford,  New- 
comerstown,  Allegheny,  Conway,  Mansfield,  Crestline, 
Chicago) 

Philadelphia  &  Reading 

Pittsburg  &  Lake  Erie  (Hazleton,  McKees  Rocks,  Glas- 
port,  Newell,  Jacob's  Creek,  Dickerson  Run) 

Southern  (Atlanta,  Asheville) 

Terminal  of  St.  Louis  (East  St.  Louis) 

Union  (Oalc  Hill,  Pa.) 

Union  Pacific  (assisting  grade  at  Omaha;  contemplated 
at  Council  Bluffs) . 

Wabash 


Total  hump  yards  reported  to  Committee. 


Total 
No.  of 
Classifi- 
cation 
Yards. 


18 
11 
20 

9 

12 

9 


24 
15 


5 
11 
21 

39 
3 

9 
5 


12 
2 


145 

18 

46 
6 

6 


Hump  Yards. 


No.  in 
Use. 


12 
10 


No.  Con- 
tem- 
plated. 


82 


6 
0 
0 

0 
0 
0 
1 
0 
0 
Some 


2 

0 

Yes 

0 

0 
Yes 
Yes 

1 
0 

2 
0 


0 
0 

0 
0 
0 
0 

1 

Yes 


320 


Appendix    D. 

DESCRIPTION  OF  INCLINED  PLANES  FOR  HANDLING 
FREIGHT  TRAFFIC. 

A.      THE    ASHLEY    PLANES. 
(By  C.  H.  Stein,  Member  of  the  Committee.) 

The  Pennsylvania  Legislature  on  March  13,  1837,  passed  an  act 
authorizing  the  Lehigh  Coal  &  Navigation  Co.  to  construct  a  railway 
to  connect  the  North  Branch  Division  of  the  Pennsylvania  Canal  with 
the  slack  water  navigation  of  the  Lehigh  River,  and  the  Navigation 
Company  accepted  this  act  on  May  10,  1837. 

Edwin  A.  Douglas,  Chief  Engineer  for  the  Navigation  Company, 
located  the  route  for  the  line  of  railway  from  White  Haven  to  Wilkes- 
Barre,  and  it  was  called  the  Lehigh  &  Susquehanna  Railroad.  The 
object  was  to  transport  the  coal  output  from  the  Wyoming  Valley  of 
Pennsylvania  to  the  Atlantic  seaboard.  This  involved  what  was  then 
a  marvelous  piece  of  engineering,  including  a  tunnel  nearly  a  third  of  a 
mile  long,  and  a  series  of  inclines  or  planes  upon  which  tho  cars  laden 
with  coal  were  lifted  by  mechanical  means  from  the  vicinity  of  Ashley 
to  the  summit  of  the  mountain  near  Solomon's  Gap,  whence  they 
were  taken  to  White  Haven  by  rail.  There  the  coal  wao  transferred  to 
canal  boats  and  passed  on  to  the  seaboard  by  way  of  the  Lehigh  Canal. 

In  June,  1862,  floods  caused  the  almost  complete  destruction  of  the 
upper  division  of  the  canal,  and  on  March  4,  1863,  the  Pennsylvania 
State  Legislature  passed  an  act  prohibiting  its  restoration,  but  in  lieu 
thereof  granted  a  charter  for  the  construction  of  a  railway  from  White 
Haven  to  Mauch  Chunk  to  connect  with  the  line  from  White  Haven 
to  Wilkes-Barre,  previously  built.  March  16,  1864,  a  supplementary  act 
was  passed  to  extend  the  Lehigh  &  Susquehr.nna  Railroad  to  Easton, 
Pa.  This  road  was  built  and  operated,  making  a  direct  all  rail  route 
from  Wilkes-Barre  to  the  New  York  harbor  (by  way  of  the  Central 
Railroad  of   New  Jersey). 

Up  to  this  period  all  freight  and  passenger  traffic  passed  over  the 
planes,  but  in  1866  and  1867  there  was  constructed  what  was  known  as 
the  "Back  Track"  down  the  mountain  side  between  Solomon's  Gap 
and  Ashley,  over  which  all  the  passenger  traffic  and  empty  cars  there- 
after passed,  and  it  is  now  known  as  part  of  the  main  line.  For  the 
handling  of  the  heavy  coal  traffic,  however,  this  would  have  involved 
a  continuous  climb  from  Ashley;  170.27  miles,  from  New  York  to 
Solomon's   Gap;    157.8   miles,    from    New    York,   or   a   distance   of    12.47 
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miles,  and  a  total  ascent  of  1,013.75  ft.,  composed  of  grades  95-6i,  83 
and  51.4  ft.  per  mile,  respectively,  and  an  average  grade  of  81.29  ft. 
per  mile  for  the  distance  of  12.47  miles.  The  use  of  the  planes  was, 
therefore,  continued  for  all  eastbound  coal  tonnage.  On  April  i,  1871, 
the  Lehigh  &  .Susquehanna  Railroad  was  leased  to  the  Central  Railroad 
of  New  Jersey,  which  has  since  operated  it. 

The  foot  of  the  planes  is  very  near  to  Ashley  Station  and  the 
leceiving  yard  for  all  the  coal  from  the  Wyoming  Valley  handled  by  the 
Central  Railroad  of  New  Jersey,  and  at  the  confluence  of  the  main  line 
of  the  railway  and  the  Nanticoke  Branch,  tapping  one  of  the  largest 
^.nthracite  coal  mining  districts  in  the  world.  The  top  of  the  inclines 
is  at  Solopion's  Gap,  the  summit  of  the  main  line- 

These  steep  inclines  and  level  stretches  at  the  foot  resemble  one 
another,  the  only  variation  being  the  difference  in  the  length  and  rate 
of  grade.  The  steeper  the  grade  the  shorter  is  the  plane.  The  total 
length  of  the  planes  from  point  of  beginning  where  they  leave  the 
main  line  to  Solomon's  Gap,  where  they  tap  it  again,  is  13,020  ft.,  or 
2.47  miles,  as  against  12.47  miles  by  the  main  line,  or  a  decrease  in 
distance  of  ten  miles.  The  lengths  and  gradients  of  the  planes  are  as 
follows : 

Number.         Length.  Grade.  Rise. 

3  5,000  ft.  5.7    per  cent.  269    ft. 

2  3,000  ft.  14.65  per  cent.  422.2  ft. 

I  3,700  ft.  9.28  per  cent.  334-7  ft. 

It  will  be  observed  that  this  makes  a  rise  in  the  aggregate  of  1,025.9 
ft.  The  short,  so-called  level  stretches  of  track,  however,  between 
planes  i  and  2,  and  2  and  3,  descend  to  the  extent  of  5.4  and  6.75  ft., 
respectively,  or  a  total  of  12.15  ft.,  for  the  purpose  of  permitting  cars 
when  they  reach  the  head  of  one  plane  to  drift  freely  to  the  foot  of 
the  next  one,  thus  reducing  the  actual  ascent  by  the  three  planes  to 
1013.75  ft. 

It  must  be  kept  clearly  in  mind  that  the  object  of  the  planes  is  to 
overcome  the  small  tonnage  movement  at  low  speed  over  heavy  main 
line  grades  for  a  distance  of  more  than  twelve  miles  by  a  rapid  move- 
ment of  large  tonnage  over  a  short  distance  of  only  2.47  miles  over 
grades  largely  in  excess  of  any  upon  which  a  locomotive  could  operate. 
This  is  accomplished  by  hoisting  engines  of  large  capacity  at  the  head 
of  each  plane,  whicli,  by  means  of  large  cables,  haul  the  cars  to  the 
objective  point.  The  plant  naturally  is  not  now  constructed  as  it  was 
formerly,  but  the  ditYerence  is  only  in  detail.  The  general  principles 
are  the  same. 

The  loaded  cars  are  concentrated  in  the  receiving  yard  close  to  the 
foot  of  the  planes,  from  where  they  arc  taken  in  drafts  and  placed 
over  a  truck  pit,  which  will  be  described  later,  six  at  a  time,  at  the  foot 
of  plane  No.  3 ;  a  man  at  this  point,  called  a  footman,  by  means  of  a 
bell   signals   to   the   engineman   at   the   head   of   the   plane    that   the   cars 
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are  in  position ;  he  applies  his  power  and  a  truck  or  "barney"'  which 
has  been  in  the  truck  pit  below  is  drawn  up  a  set  of  inclined  rails 
behind  the  cars.  This  barney  is  connected  by  a  very  heavy  cable  to 
the  drum  of  the  engine  at  the  head  of  the  plane.  As  soon  as  the 
engineman  feels  the  barney  go  against  the  cars  to  be  raised  he  speeds 
up  his  engine  and  the  cars  start  their  ascent  of  plane  No.  3. 

On  each  plane  there  are  two  parallel  tracks,  and  at  the  foot  of 
each  one  are  two  parallel  truck  pits.  The  cable  from  one  truck  or 
barney  passes  up  the  plane  over  sheaves  about  22  ft.  apart,  then  three 
times  around  the  drums,  20  ft.  in  diameter,  and  out  through  the  bottom 
of  the  power  house  over  a  very  large  sheave,  which  returns  the  cable 
to  a  barney  on  the  parallel  track.  This  makes  a  direct  connection  by 
the  cable  over  the  drums  between  the  two  barneys.  Thus,  when  one 
barney  ascends  drawing  up  the  cars,  the  barney  which  has  been  at  the 
head  of  the  plane  descends,  drops  down  by  inclined  rails  into  the  truck 
pit,  passes  under  six  more  loaded  cars  which  have  in  the  meantime  been 
placed  by  the  drill  engine,  and  is  now  ready  for  its  ascent.  Simul- 
taneously the  first  barney  has  reached  the  head  of  the  plane  with  its 
cars,  a  brakeman  takes  charge  of  them,  the  engineman  reverses  his 
engine,  the  first  barney  starts  on  its  descent,  and  the  second  one  rises  up 
by  inclined  rails  out  of  the  pit  and  goes  behind  the  cars  standing  to 
receive  it. 

Attached  to  the  rear  of  each  barney  is  also  a  lighter  cable,  passing 
from  the  end  of  the  one  barney  back  to  a  high  gallows  frame  from  which 
are  suspended  very  heavy  counterbalance  weights,  then  around  a  large 
bull  wheel,  returning  to  the  other  barney.  The  purpose  of  this  is  to 
equalize  any  slackness  in  the  main  cables  of  either  barney. 

The  process  is  now  repeated,  six  cars  moving  alternately  on  one 
track  on  plane  No.  3,  then  on  the  other  one  with  but  slight  interrup- 
tion. The  cars  are  delivered  at  the  foot  as  fast  as  they  can  be  drawn 
up  the  planes,  or  approximately  so. 

When  the  six  cars  have  reached  the  top  of  plane  No.  3  and  are 
taken  charge  of  by  the  brakeman  they  are  cut  in  two  parts  and  only 
three  cars  are  handled  up  plane  No.  2  a't  a  time.  This  is  accounted  for 
by  the  fact  that  plane  No.  2  has  more  than  twice  the  grade  of  plane 
No.  3.  It  is,  however,  only  a  little  more  than  half  as  long,  as  will  be 
observed  by  reference  to  the  data  that  has  been  given  relative  to  each 
plane.  The  operation,  therefore,  is  so  ingeniously  carried  out  that  the 
six  cars  in  two  drafts  over  plane  No.  2  are  handled  in  the  same  time 
as  the  six  cars  in  one  draft  over  plane  No.  3. 

Plane  No.  i  is  operated  similarly  to  No.  2,  at  the  head  of  which 
is  a  200-ton  track  scale,  117  ft.  long,  over  which  all  the  cars  pass  at  a 
speed  of  about  two  miles  per  hour  and  are  weighed  coupled  together 
after  they  have  made  the  complete  ascent  of  the  planes.  By  experiment 
it  has  been  demonstrated  that  the  weights  taken  in  this  manner  are 
practically    without    error.     The    cars    may    be    drawn    up    the    planes    at 
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speeds  of  from  12  to  30  miles  per  hour.  The  plan  and  profiles  of  the 
planes  are  shown  in  Fig.  22.  The  information  is  given  herewith  in 
tabular   form : 


Upper 
or  No.  1. 


Middle 
or  No.  2. 


Lower 
or  No.  3. 


Length  of  plane 

Length  of  truck  pits 

Rise  per  100  ft 

Total  rise  of  each  plane 

Fall  between  planes 

Distance  between  planes 

Total  rise,  Ashley  to  Solomon's  Gap 

Total  distance,  Ashley  to  Solomon's  Gap . 

Slope  angles- 

Length  of  main  cable 

Diameter  of  main  cable 

Weight  per  foot 

Length  of  tail  rope 

Diameter  of  tail  rope 

Weight  per  foot 


3,700  ft. 

391  ft. 

9.28  ft. 

334.7     ft. 

5.40  ft. 

470  ft. 


On  Slope 

5°  18*^ 
4,640  ft. 

2i  in. 
lOi  lbs. 
4,023  ft. 

liin. 

3J  lbs. 


3,000  ft. 

397  ft. 

14.65  ft. 

422.2  ft. 

6.75  ft. 

850  ft. 


8"  20' 
3,670  ft. 

2Jin. 
llf  lbs. 
3,320  ft. 

l^in. 

3i  lbs. 


5.000  ft. 

428  ft. 

5.7  ft. 

269  ft. 


1013.76  ft. 

13,020        ft. 

3°  15' 

5,780  ft. 

2i  in. 

lOi  lbs. 

5,520  ft. 

l^in. 

3i  lbs. 


The  chief  and  interesting  feature  of  this  plant  is  the  manner  in 
which  the  barney  can  pass  down  into  the  truck  pit  underneath  the  cars 
and  then  out  of  it  again  and  up  behind  them.  The  operation  would 
have  to  be  seen  to  be  best  appreciated.  It  is  accomplished  by  the 
ingeniousness  of  the  track  devices,  and  by  the  property  that  the  wheels 
of  the  barney  possess  of  adjusting  themselves  to  any  gage  due  to 
the  axles  of  each  wheel  being  independent  of  each  other  and  sliding  in 
sleeves,  the  one  set  just  forward  of  the  other,  and  held  in  place  by  an 
equalizing  or  lazy  crank,  which  adjusts  itself  to  the  gage  of  the  wheels. 
The  construction  of  the  barney  is  shown  in  Fig.  23.  It  weighs  7  tons. 
It  will  be  observed  that  the  axle  of  one  wheel  passes  just  to  the  side 
of  the  axle  of  its  mate.  Another  peculiarity  made  necessary  by  the 
operation  is  that  the  flanges  of  the  wheels  run  on  the  outside  of  the 
rail  and  are  reversed  to  the  wheels  of  the  cars  that  they  draw  up  the 
plane.  The  flanges  of  the  wheels  are  2%  in.  deep  and  the  treads 
6  13-16  in.  wide. 

The  novel  feature  in  connection  with  the  operation  of  this  plant  is 
the  rail  attachments  and  arrangements  that  make  possible  the  drawing 
up  of  the  barney  against  the  draft  of  cars,  its  ascent  to  the  level  on  the 
approach  to  the  next  plane,  its  return  to  its  original  position  in  the  pit, 
making  it  necessary  to  pass  under  the  cars  already  standing  on  the 
pit  for  the  next  lift.  To  understand  the  process  we  must  always  remem- 
ber that  the  flanges  of  the  barney  wheels  pass  along  the  outside  of  the 
head  of  the  running  rails  instead  of  along  the  inside;  also  that  the 
journals  of  the  wheels  are  movable,  permitting  the  gage  of  the  barney 
wheels  to  travel  automatically  on  a  wide  or  narrow  gage.  This  is  shown 
by   the  plan,   Fig.   24. 
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To  clearly  perceive  the  principle  of  the  actions  of  the  barney,  we 
will  describe  its  progress  from  the  summit  to  the  bottom  of  the  pit, 
after  which  it  is  drawn  up  behind  another  draft  ready  to  be  raised. 
It  descends  along  the  running  rail  A,  which  is  also  the  rail  on  which 
the  traffic  cars  run.  As  it  reaches  the  wing  B  the  flanges  spring  it  out, 
and  the  treads  of  the  wheels  ride  on  the  rail  C,  changing  their  position 
from  the  track  rail  A,  which  lies  on  the  top  of  the  side  wall  of  the 
pit  to  the  pit  rail  C.  At  the  point  D  there  is  a  deflector  which  guides 
the  flanges  of  the  wheels  away  from  the  switch  point,  so  that  they  might 
continue  uninterruptedly  into  the  pit  on  the  rail  C.  (This  deflector  is 
simply  a  boss  on  a  filler  block  which  diverts  the  flanges  of  the  wheels 
from  the  switch  point.) 

The  barney  has  now  reached  the  interior  of  the  pit.  It  passes  on 
down  to  the  end  (remember,  the  wheel  flange  is  on  the  outside  of  the 
pit  rail  instead  of  on  the  inside,  as  in  ordinary  car  wheels),  springs  the 
switch  point  E  out  and  passes  through.  It  has  now  reached  the  point 
where  it  is  ready  to  make  the  ascent.  The  pit  is  about  5  ft.  deep.  The 
rail  F  ascends  this  five  feet  to  the  top  of  the  pit  wall  in  about  30 
ft,  where  it  parallels  the  main  running  rail  A,  on  which  the  cars  stand 
ready  to  be  raised. 

The  footman  signals  the  engineman  at  the  top  of  the  plane;  he 
starts  the  engine,  and  the  barney  starts  up  the  30  ft.  of  inclined  rail  F, 
and  goes  against  the  cars ;  the  engine  is  then  gradually  speeded  up 
and  the  cars  start  up,  the  car  wheels  traveling  on  rail  A,  the  barney 
wheels  on  rail  F.  They  spring  open  the  switch  at  D,  the  car  wheels  con- 
tinuing on  rail  A,  but  the  barney  wheels  being  transferred  to  rail  C, 
after  passing  point  D,  the  car  wheels  are  not  further  interrupted;  but 
when  the  barney  wheels  reach  point  G  they  come  in  contact  with  the 
guard  rail  there,  which  is  3^  in.  higher  than  any  of  the  running  rails. 
This  pushes  against  the  inside  of  the  barney  wheels,  causing  pressure  to 
be  exerted  by  the  barney  flange  against  the  wing  B,  which  opens,  per- 
mitting the  barney  flange  to  pass  to  the  outside  of  the  head  of  the 
running  rail  A,  whence  it  follows  the  cars  up  to  the  top  of  the  plane, 
where  another  pit  is  encountered,  the  barney  returning  and  a  second 
barney  following  the  same  process  over  plane  No.  2. 

As  previously  stated,  there  are  two  parallel  tracks  on  each  plane, 
each  equipped  with  a  barney;  as  the  first  barney  descends  the  second 
one  rises  with  its  draft.  At  the  head  of  the  plane  the  two  tracks  con- 
verge, and  there  is  then  a  short  stretch  of  single  track,  at  the  end  of 
which  two  tracks  again  diverge.  In  this  way  the  two  tracks  at  the  foot 
of  the  plane  may  be  served  with  cars  alternately  from  the  tracks  on  the 
preceding  plane.  The  rail  attachments,  called  the  rail  latches,  are 
shown  in  Fig.  24. 

At  the  head  of  each   plane   are  a  battery  of  boilers   and   a   vertical 
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engine  which  furnishes  the  power  independently   for   each   plane.     Their 

horsepower  rating  is  as   follows : 

Plane  No.  i.     Plane  No.  2.     Plane  No.  3. 

Horsepower  of  boilers    i,500  2,000  1,500 

Horsepower  of  engines 1,200  1,200  1,200 

The  number  of  cars  that  can  be  conveniently  handled  over  the  three 
planes  per  hour  averages  45 ;  60  cars  may  be  '  handled  with  a  little 
additional  effort.  The  average  tonnage  for  24  hours  has  been  32,424 
tons  by  actual  demonstration.  The  economy  of  the  boiler  plant  has  been 
very  largely  increased  during  the  past  several  years  by  the  installation 
of  a  patent  blower  system,  which  resulted  in  a  decreased  cost  of  fuel. 
The  planes  are  not  constantly  in  operation  during  the  entire  year,  nor 
during  the  entire  24  hours  of  a  day,  but  to  furnish  some  idea  of  the 
efficiency  of  the  plant  the  following  figures  will  be  of  some  interest: 

Number   of   days   worked 305 

Coal  tonnage  hauled  4,827,104  tons 

Coal  tonnage  and  weight  of  car 6,832,935  tons 

'Merchandise,   tonnage   hauled    974,800  tons 

Coal,  car  and  merchandise  tonnage  hauled  in  one  year 7,807,735  tons 

When  it  is  considered  that  one  of  the  grades  over  which  the  cars 
have  to  be  raised  is  14.65  per  cent,  for  a  distance  of  3,000,  the  suggestion 
forces  itself  upon  us  that  the  application  of  this  principle  to  the  opera- 
tion of  hump  yards  has  much  promise  in  it.  As  many  cars  could  be 
handled  over  the  hump  as  could  be  delivered  by  an  engine  from  the 
receiving  yard.  The  attractive  feature  would  be  that  the  operations  on 
the  hump  would  be  conducted  from  a  point  where  the  movement  of  the 
train  would  be  absolutely  under  the  control  of  one  who  had  clear 
observation  of  all  that  was  going  on.  It  would  not  be  necessary  to  pass 
signals  to  the  rear  end  of  the  train,  with  the  consequent  delays  and 
troubles.  The  expense  of  operation  would  not  be  so  great  as  in  the 
case  of  a  plane,  on  account  of  the  speed  being  so  much  lower.  There 
would  not  be  the  same  wear  and  tear  on  machinery.  The  feeder  engine 
bringing  cars  from  the  yard  would  have  ample  time  to  keep  the  truck 
pit  supplied,  hence  there  would  be  almost  a  continuous  movement  over 
the  hump. 

The  indications  are  that  cars  could  be  classified  successfully  by 
this  method,  and  with  greater  economy  in  cost  than  by  any  method  in 
vogue  up  to   this  time. 

B.     THE  MAHANOV  PLANE   (Philadelphia  &  Reading  Railroad). 

(By  F.  S.  Stevens,   Chairman  of  the  C'omthittee.) 

A  plan  and  profile  of  this  plane  are  shown  in  Figs.  25  and  26.  The 
cars  to  be  lowered  are  dropped  against  the  barney  standing  at  the  top 
of  the  plane.     At  the   same  time  the   other  barney  is  in   the  pit   at  the 
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foot  of  the  plane  and  the  cars  to  be  hoisted  are  pushed  over  it  by  a 
poling   engine.     The    barney   car   is    shown   in   Fig.   27. 

The  winding  engine  at  the  top  of  the  plane  is  then  started  very 
slowly  until  the  barney  at  the  foot  has  risen  out  of  the  pit  and  has 
come  in  contact  with  the  cars  in  front  of  it.  In  the  meantime  the  cars 
to  be  lowered  are  over  the  knuckle  at  the  top  and  are  ready  to  be 
handled  at  full  speed.  The  engines  are  then  given  speed  and  the  cars 
are  moved  up  and  down  at  a  speed  about  2,500  ft.  per  minute  until  near 
the  end  of  the  movement,  when  the  speed  is  reduced  to  about  1,000  ft. 
per  minute  and  the  barney  runs  into  its  pit  at  the  bottom  of  the  plane 
and  the  cars  that  were  lowered  pass  over  it  and  are  caught  by  car 
riders  and  Stopped  on  the  tracks  provided  to  receive  them. 

The  cars  that  were  hoisted  are  also  caught  by  car  riders  and  made 
up  into  trains  for  further  movement. 

A  trip  on  the  plane  consumes  2V2  to  3  minutes,  or  the  plane  handles 
20  to  25  trips  per  hour.  The  load  is  125  to  130  tons  per  trip  hoisted 
and  lowered  351  ft.  If  the  winding  engines  are  run  with  cars  on  one 
side  only  the  load  is  100  to  105  tons  handled  in  the  same  time. 

A  haul  of  ten  miles  is  saved  by  this  plane.  As  the  tonnage  is 
practically  all  anthracite  coal  that  is  mined  within  20  miles  of  the 
plane,  and  as  the  location  of  the  plane  is  central  both  for  assembling 
the  loaded  cars  and  distributing  the  empty  cars,  the  advantage  of  gain 
in  time  by  this  route  and  method  of  handling  must  receive  consideration, 
as  well  as  the  saving  in  cost  of  handling.  On  the  longer  locomotive 
route  there  is  a  single-track  tunnel,  about  4,000  ft.  in  length,  operated 
on  the  train-staff  system.  The  summit  on  that  route  is  only  120  ft. 
lower  than  the  summit  at  the  head  of  the  plane.  Therefore,  the  condi- 
tions involve  ten  miles  excess  distance  to  save  a  lift  of  120  ft.  When 
half  of  this  excess  distance  has  been  traveled,  the  advantage  has  been 
absorbed,  and  there  are  still  five  miles  to  be  run  with  no  compensation. 

This  feature,  however,  has  little  bearing  in  the  case  of  yards  and 
terminals,  where  the  argument  as  to  the  economy  of  the  short  and 
steep  plane  as  against  the  longer  haul  on  a  line  operated  by  locomotives 
is   not  applicable. 


Appendix    E. 

FREIGHT-HANDLING   EQUIPMENT   OF   A   BRITISH    RAILWAY 

WAREHOUSE. 

The  new  terminal  freight  station  and  warehouse  of  the  North 
British  Railway  at  Glasgow  (Scotland)  is  worth  attention  in  regard  to 
■improved  facilities  in  American  freight  stations.  The  building  is  50OX 
315  ft.,  with  a  basement  and  three  main  floors.  On  the  first  floor  there 
are  ten  tracks,  five  double-side  loading  platforms,  and  three  driveways 
25  and  50  ft.  wide.  The  basement  and  the  two  upper  floors  are  used 
for  storage.  Inclined  roadways  enable  wagons  to  reach  the  basement 
and  the  second  floor.  The  following  details  are  taken  from  an  article 
in  "The  Engineer"   (London),  June  26,   1908: 

The  special  feature  of  this  warehouse  is  its  equipment  for  the 
handling  of  traffic,  and  the  unusually  large  electrical  plant  which  is 
provided,  with  a  view  to  the  rapid  and  easy  disposal  of  a  heavy  volume 
of  goods.  The  tracks  inside  the  building  are  arranged  in  sets  of 
three,  the  two  outside  tracks  of  each  set  being  used  for  loading  pur- 
poses, while  the  center  track  is  used  for  removing  empty  cars  from 
or  feeding  loaded  cars  to  the  outer  tracks.  As  no  locomotives  are 
permitted  inside  the  warehouse,  on  account  of  fire  risks,  special  means 
had  to  be  adopted  for  the  handling  of  cars.  No  fewer  than  30  electric 
capstans,  each  capable  of  exerting  a  pull  of  one  ton,  or  hauling  about 
100  tons  on  the  level  at  a  speed  of  250  ft.  per  minute,  have  been  laid 
down.  Each  capstan  is  worked  by  a  26  H.P.  motor  running  at  400 
revolutions  per  minute  and  driving  the  capstan  head  through  a  worm 
gear  reduction. 

The  movement  of  the  cars  from  the  outer  track  to  the  center  track, 
and  vice  versa,  is  effected  by  means  of  electric  traversers  running  on 
rails  laid  down  at  right  angles  to  the  wagon  rails.  The  cars  are  pulled 
on  to  the  traversers  by  means  of  the  electric  capstans,  one  at  a  time,  and 
traversed  across  to  the  required  track,  where  they  are  then  run  off,  the 
traverser  thereafter  being  removed  back  out  of  the  way.  There  are 
II  of  these  machines.  They  are  of  the  surface  type,  12  ft.  long  exclusive 
of  the  ramps,  and  arranged  to  travel  on  three  lines  of  rails.  These 
traversers  are  capable  of  carrying  loads  of  20  tons  at  a  speed  of  100 
ft.  per  minute,  and  are  driven  by  10  H.P.  motors.  There  are  no  fewer 
than  15  overhead  revolving  cranes;  13  of  iH  tons  and  2  of  3  tons 
capacity.  All  are  arranged  to  work  over  the  ground  floor  and  are 
used  for  loading  and  discharging  both  cars  and  wagons  and  for  general 
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lifting  and  transport  purposes  about  the  various  loading  platforms.  All 
the  crane  runways  are  parallel  to  each  other  and  at  right  angles  to  the 
railway  tracks,  so  that  whenever  the  necessity  arises  a  number  of  cranes 
may  be  concentrated  on  one  row  of  cars,  insuring  a  rapid  discharge 
with  a  minimum  number  of  cranes.  Each  crane  consists  of  a  traveling 
gantry,  21  ft.  10  in.  span,  from  which  is  suspended  the  balanced  revolv- 
ing jib  having  a  radius  of  23  ft.  There  are  hoisting,  sluicing  and  travel- 
ing motions,  each  worked  by  a  separate  electric  motor  at  the  following 
speeds; 

3-Ton  Cranes. 

Liftings— 3  tons  at  50  ft.  per  minute;  motor,  \y]/2  E.  H.P.  at  400 
revolutions. 

Swinging — 3  tons  at  2  revolutions  per  minute ;  motor,  2^  E.  H.P. 
at  670  revolutions. 

Traveling — 3  tons  at  300  ft.  per  minute ;  motor,  jy'2  E.  H.P.  at  625 
revolutions. 

lYz-Ton  Cranes. 

Lifting — 1;/2  tons  at  100  ft.  per  minute;  motor,  17^  E.  H.P.  at  400 
revolutions. 

Swinging — 1><  tons  at  2.3  revolutions  per  minute;  motor,  2  E.  H.P. 
at  800  revolutions. 

Traveling — 1I/2  tons  at  360  ft.  per  minute;  motor,  4^^  E.  H.P.  at  650 
revolutions. 

The  framework  of  the  cranes,  including  the  jib  and  gantry,  has 
been  constructed  of  steel,  which  gives  a  strong  and  at  the  same  time 
comparatively  light  crane.  The  jib  is  connected  to  the  gantry  by  means 
of  a  strong  steel  center  pillar,  rigidly  fixed  in  the  steel  center  framing 
on  the  gantry.  The  deadweight  of  the  jib  is  carried  on  a  large  ball 
bearing  fixed  at  the  bottom  of  the  pillar,  whilst  the  horizontal  thrust 
is  taken  on  the  rollers  situated  at  the  top  of  the  jib  framing.  Machine- 
cut  spur  or  bevel  gearing  has  been  used  for  driving  each  motion,  and 
the  whole  of  the  mechanical  work,  including  the  rollers,  shafts  and  bear- 
ings, is  arranged  to  permit  easy  adjustment  or  renewal.  Accommodation 
for  the  operator  is  provided  immediately  in  front  of  the  pillar,  where 
he  has  an  uninterrupted  view  of  the  operations  and  is  within  easy 
reach  of  the  various  controller  handles.  Automatic  limit  switches  are 
placed  on  the  lifting  and  traveling  motions. 

By  means  of  a  series  of  trap  doors  in  the  loading  platforms,  freight 
arriving  by  rail  for  storage  in  the  basement  can  be  readily  lowered  by 
the  cranes.  Freight  in  the  basement  requiring  despatch  by  rail  can  be 
similarly  dealt  with. 

Facilities  are  also  provided  on  the  upper  floors  for  the  rapid 
handling  of  goods  by  means  of  electric  transporters  traveling  on  runway 
girders  suspended  from  the  roof  girders.  The  loads  are  lifted  from  the 
railway  trucks   in   the  loading  way  through   wells   in  the  floors  and  are 
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distributed  by  the  transporters  over  the  area  of  the  floor  covered  by 
the  respective  tracks.  Each  track  is  280  ft.  long.  There  are  ■  four  of 
these  transporters  for  each  floor,  each  capable  of  lifting  ij^  tons.  The 
hoisting  speed  under  full  load  is  100  ft.  per  minute,  accelerating  to 
about  double  this  speed  for  light  loads,  and  the  traveling  speed  is  350 
ft.  per  minute.  The  height  of  lift  for  the  transporters  on  the  first  floor 
is  34  ft.  and  for  those  on  the  second  floor  50  ft. 

Six  jiggers,  or  short-travel  transporters,  also  of  i^/a  tons  capacity, 
are  provided  on  the  uppermost  floor,  which  are  so  placed  as  to  com- 
mand the  roadway  on  the  floor  below  along  the  north  side  of  the  ware- 
house through  trap  doors  in  the  floor,  while  the  three  remaining  are 
placed  in  outside  walls  on  the  south  side  of  the  building,  and  may  be 
used  for  raising  goods  from  the  yard  to  either  floor,  and  conversely. 
The  general  design  of  the  jigger  is  similar  to  that  of  the  transporters, 
with  the  exception  that  the  controllers  are  fixed  on  the  warehouse  floor 
near  each  track  and  the  operator's  cage  is  thereby  dispensed  with.  The 
travel  of  each  jigger  is  only  10  ft.  and  the  height  of  lift  is  50  ft.  The 
hoisting  speed  for  the  full  load  of  15/2  tons  is  100  ft.  per  minute,  and 
the  traveling  speed  200  ft.   per  minute. 

In  addition  to  these  appliances,  nine  electric  hoists,  each  of  1J/2 
tons  capacity,  have  also  been  provided  (four  at  the  west  and  five  at 
the  east  end  of  the  building).  They  are  available  for  use  on  all  the 
floors,  communicating  direct  with  the  loading  tables  on  the  track  floor. 
Two  other  hoists  of  the  same  capacity  have  been  added  for  the  use  of 
the  portion  of  the  basement  lying  to  the  east  of  the  building  proper 
under  the  yard,  and  they  communicate  direct  with  two  loading  tables 
provided  with  special  siding  accommodation,  apart  altogether  from  the 
warehouse  tables  and  sidings. 

All  these  elevators  are  arranged  to  carry  the  maximum  load  at  a 
speed  of  150  ft.  per  minute,  and  they  are  each  driven  by  26  E.  H.P. 
motors  running  at  400  revolutions  per  minute.  The  cages  are  steel 
framed,  lined  with  timber,  and  kept  in  position  by  suitable  guides  fixed 
to  the  sides  of  the  shaft. 

To  the  south  of  the  warehouse  lies  the  general  loading  platform, 
capable  of  accommodating  more  than  60  cars.  A  considerable  portion 
of  this  is  roofed  over,  so  that  it  forms  to  all  intents  and  purposes  a 
useful  extension  of  the  warehouse  proper.  Close  by  a  40-ton  electric 
traveling  gantry  crane  has  been  provided  for  dealing  with  heavy  ma- 
chinery and  special  loads.  Small  loads  requiring  the  use  of  crane 
power  are  handled  by  means  of  hand  cranes  in  the  yard,  the  capacitj' 
of  which  varies   from  5  tons  downward. 


♦These  traversers,  of  course,  are  for  the  small  and  light  English 
freight  cars,  the  capacity  of  the  traversers  being  given  as  20  tons. — Com- 
mittee  on  Yards  and  Terminals. 


DISCUSSION. 

Mr.  F.  S.  Stevens  (Philadelphia  &  Reading)  : — We  present  for 
your  consideration  at  this  time  a  supplement  to  our  preceding  report. 
We  have  no  additional  conclusions  to  present.  Our  report  of  last 
year  treated  largely  on  the  construction  of  hump  yards.  This  year, 
through  the  courtesy  of  many  of  our  members,  we  are  able  to  present 
some  facts  bearing  on  the  operation  of  such  yards.  The  responses  to 
the  circulars  we  sent  out  making  inquiries  as  to  such  operation  indi- 
cate when  analyzed  that  the  great  majority  favor  the  placing  of  scales 
on  the  hump,  and  generally  we  rind  that  the  opinions  expressed  are 
that  the  efficiency  of  the  yard  as  a  classifying  machine  is  not  di- 
minished thereby.  The  report,  as  a  whole,  is  a  report  of  information 
and    we    will    ask    that    it    be    adopted    as    submitted. 

■Mr.  W.  G.  Besler  (Central  Railroad  of  New  Jersey)  : — It  sug- 
gests itself  to  me  that  the  report  submitted  by  the  Committee  admits  of 
very  little  critkism.  They  have  submitted  a  most  interesting  and 
valuable  report  in  the  data  which  it  contains,  and  therefore  I  move 
the   action    suggested   by   the   chairman,    viz.,    that   we   adopt    the    report. 

Mr.  L.  C.  Fritch  (Illinois  Central)  :■ — I  would  suggest  to  the 
Committee  that  next  year  they  submit  to  us  a  typical  design  for 
various  classes  of  hump  yards,  yards  where  the  majority  of  the  cars 
are  empty  cars,  and  yards  where  heavily  loaded  cars  are  in  the 
majority,  also  typical  yards  under  various  clirnatic  conditions.  I  think 
that   is  something  we   lack. 

(Motion    carried.) 

The  President: — The  Secretary  suggests  that  the  chairman  of  the 
Committee  indicate  some  of  the  paragraphs  which  should  be  taken 
up  by  the  members  during  the  year,  in  order  that  the  members  may 
be   prepared    at    the    next    meeting   to    discuss    them    in    detail. 

Mr.  Stevens : — We  feel  that  the  question  of  construction  of  hump 
yards  has  been  fairly  well  covered.  We  had  very  little,  if  anything, 
that  we  could  present  in  addition  to  our  preceding  report,  and  as  our 
instructions  covering  the  work  of  this  year  were  of  a  supplementary 
character,  we  have  made  what  we  consider  a  report  supplemental  to 
the  report  of  last  year,  which  takes  up  the  work  where  our  report 
of  last  year  left  oflf;  that  is,  we  constructed  the  yard  last  year,  this 
year  we  have  operated  it  and  have  presented  the  results  of  operation 
UT,  reported  to  us  by  a  considerable  number  of  members  who  have  had 
large  experience  in  the  operation  of  hump  yards.  The  results  of 
those  operations  you  have  in  this  report  and  an  analysis  of  these 
indicates  a  very  general  unanimity  of  opinion  on  the  principal  points 
that  we  have  discussed  heretofore  on  the  floor  of  these  conventions. 
We  do  not  know  that  we  can  add  anything  more  in  the  light  of  our 
present  inforrriation  on  the  subject  of  construction.  The  results  that 
have  been  obtained  in  operation  are  set  forth  at  large  in  this  report 
for  the   information   of   those   who   may  be    interested. 
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The  matter  of  terminal  warehouses  is  treated  at  some  lengfth  and 
is  illustrated  for  the  benefit  of  those  who  may  have  use  for  such 
information. 

The  matter  of  transfer  stations  was  reassigned  last  year,  but  inas- 
much as  at  the  convention  of  last  year  the  members  did  not  appear 
to  wish  to  consider  the  suggestions  that  were  made  on  points  on 
which  there  were  no  installations  to  which  we  could  refer,  I  will  say 
the  matter  is  in  precisely  the  same  condition  it  was  left  at  that  time, 
because  there  are  still  no  installations  of  which  we  have  knowledge 
to  which  we  could  refer  for  further  light  on  the  subject.  1  do  not 
know  that  we  can  add  anything  or  offer  any  suggestions  on  the 
lines  of  our  instructions.  I  think  we  have  done  all  we  can  do  with 
the   matter   as    it   now    stands. 

The  President : — Is  it  the  understanding  that  the  Committee  will 
take  into  consideration  the  submitting  of  typical  hump  yard?  If  there 
is  no   objection,   that   will  be   done. 

Mr.  Stevens : — I  might  mention  also  in  this  connection  that  the 
matter  of  freight-handling  machinery  has  been  a  live  question  with 
this  Committee  for  several  years.  We  have  made  numerous  investiga- 
tions, and  have  had  a  great  deal  of  correspondence  with  people  who 
have  manufactured  appliances  of  this  kind  and  with  those  who  thought 
it  desirable  to  install  them,  but  have  not  j^et  found  anyone  who  has 
been  able  to  recommend  a  telpherage  system  or  transfer  system  of 
any  kind  as  applicable  to  the  transfer  of  miscellaneous  freight.  That 
is  a  live  question  that  everybody  is  interested  in,  but  nobody  is  able 
to  solve.  The  matter  of  transferring  goods  of  any  kind  between  two 
fixed  points  is  easily  covered,  for  we  can  adapt  our  machinery  to 
the  goods  we  have  to  handle  and  get  satisfactory  results ;  but  as 
soon  as  we  attempt  to  apply  anything  that  has  yet  been  recommended 
to  the  transfer  of  miscellaneous  freight,  we  are  confronted  with  such 
difficult  questions  that  we  are  not  able  to  solve  them  and  we  have 
not  found  anyone  who  can  throw  any  light  on  the  subject.  There  is 
nothing  that  we  have  been  able  to  discover  except  a  hand  truck  that 
covers   the    requirements. 

The  President: — The  Committee  will  be  excused  with  the  thanks 
of  the  Association. 


REPORT  OF  COMMITTEE  NO.   IV.— ON  RAIL. 

(Bulletin   106.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  presents  the  following  report : 
COMMITTEE    MEETINGS. 

The  following  meetings  of  the  Committee  were  held : 

New  York  City,  April  23,  1908 — Members  present :  D.  D.  Carothers, 
Chairman;  R.  iMontfort,  Vice-Chairman;  J.  A.  Atwood,  A.  S.  Baldwin, 
J.  B.  Berry,  Chas.  S.  Churchill,  W.  C.  Cushing,  P.  H.  Dudley,  C.  H. 
Ewing,  J.  F.  Hinckley,  John  D.  Isaacs,  Howard  G.  Kelley,  George  W. 
Kittredge,  D.  W.  Lum,  Jos.  T.  Richards,  J.  P.  Snow  and  Robert 
Trimble. 

Pittsburg,  May  20  and  21,  1908 — Members  present:  D.  D.  Carothers, 
Chairman;  R.  Montfort,  Vice-Chairman;  J.  A.  Atwood,  A.  S.  Baldwin, 
J.  B.  Berry,  Chas.  S.  Churchill,  P.  H.  Dudley,  C.  H.  Ewing,  J.  F. 
Hinckley,  Tht)s.  H.  Johnson,  D.  W.  Lum,  Jos.  T.  Richards,  J.  P.  Snow, 
Robert  Trimble  and  G.  G.  Yeomans    (representing  F.  A.  Delano). 

Atlantic  City,  June  26  and  27,  1908 — Members  present:  D.  D. 
Carothers,  Chairman;  R.  Montfort,  Vice-Cfiairman;  E.  B.  Ashby,  J.  A. 
Atwood,  J.  B.  Berry,  Chas.  S.  Churchill,  W.  C.  Cushing,  J.  F.  Hinckley, 
John  D.  Isaacs,  Thos.  H.  Johnson,  Howard  G.  Kelley,  D.  W.  Lum,  Jos. 
T.  Richards,  J.  P.   Snow  and  Robert  Trimble. 

Pittsburg,  October  5,  1908 — Members  present:  D.  D.  Carothers, 
Chairman;  R  Montfort,  Vice-Chairman ;  E.  B.  Ashby,  J.  A.  Atwood, 
J.  B.  Berry,  Chas.  S.  Churchill,  W.  C.  Cushing,  P.  H.  Dudley,  C.  H. 
Ewing,  John  D.  Isaacs,  Thos.  H.  Johnson,  Howard  G.  Kelley,  George 
W.  Kittredge,  Jos.  T.  Richards,  J.  P.  Snow,  Robert  Trimble  and  G.  G. 
Yeomans   (representing  F.  A.  Delano). 

Chicago,  November  17,  1908 — Sub-Committee;  present:  D.  D. 
Carothers,  Chairman;  Chas.  S.  Churchill,  J.  B.  Berry,  W.  C.  Cushing 
and  Robert  Trimble. 
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BRIEF   REVIEW    OF    PREVIOUS    REPORTS. 

The  following  summary  of  the  contents  of  previous  reports  is  given : 

1900: — The  preliminary  report  contained  an  historical  sketch  in 
regard  to  the  evolution  of  the  rail  in  present  use;  a  brief  discussion 
of  rail  sections  in  use  in  this  and  foreign  countries;  a  discussion  of  the 
chemical  constituents  and  mechanical  treatment  of  rail,  and  length  of 
rail.  No  conclusions  or  recommendations  were  given  in  the  preliminary 
report   (see  Proceedings,  Vol.   i,  pp.   112-119). 

1901 : — The  Committee  suggested  the  use  of  fewer  sections,  the 
weights  recommended  being  60,  70,  80,  90,  or  loo-lb.,  this  recommenda- 
tion being  based  on  the  following  information:  The  A.  S.  C.  E.  sections 
were  found  to  be  in  use  on  about  84  railroads  out  of  128  reporting,  as 
follows :  Fifteen  roads  using  6o-lb. ;  seven,  65-lb. ;  twenty-six,  70-lb. ; 
twenty,  75-lb. ;  twenty-six,  8o-lb. ;  twelve,  85-lb. ;  five,  90-lb.,  and  six, 
loo-lb.  sections. 

It  would  appear  that  there  are  more  sections  provided  for  use  than 
necessary.  Very  few  roads  use  the  65-lb.  rail,  and  a  canvass  of  future 
needs  showed  that  only  five  roads  might  use  this  weight  of  rail  in  the 
future. 

For  future  requirements  one  road  reported  56-lb. ;  seventeen,  6o-lb. ; 
five,  65-lb. ;  twenty-seven,  70-lb. ;  thirteen,  75-lb. ;  fifty-eight,  80-lb. ;  ten, 
85-lb. ;  ten,  90-lb.,  and  twelve,  loo-lb. 

In  regard  to  sections  other  than  the  A.  S.  C.  E.,  thirty-six  weights 
were  reported  as  follows :  Two,  So-lb. ;  one,  51-lb. ;  two,  52-lb. ;  one, 
54-lb. ;  nineteen,  56-lb. ;  one,  57-lb. ;  one,  58-lb. ;  twelve,  60-lb. ;  three, 
66-lb. ;  one,  67-lb. ;  one,  69-lb. ;  seven,  70-lb. ;  two,  72-lb. ;  eleven,  75-lb. ; 
one,  76-lb. ;  nine,  80-lb.;  three,  85-lb.;  one,  go-lb.;  one,  95-lb.,  and  two 
lOO-lb. 

The  maximum  axle  loads  in  use  for  passenger  engines,  freight 
engines,  and  cars  were  collected  and  tabulated  with  the  following  results : 
No  roads  reported  axle  loads  under  20,000  lbs.  in  use ;  seven  roads 
reported  axle  loads  from  20,000  to  25,000  lbs. ;  eleven,  25,000  to  30,000 
lbs. ;  twenty-three,  30,000  to  35,000  lbs. ;  twenty-three,  35,000  to  40,000 
lbs. ;  thirty-eight,  40,000  to  45,000  lbs. ;  fourteen,  45,000  to  50,000  lbs. ; 
four,  50,000  to  55,000  lbs.,  and  none  over  55,000  lbs. 

This  report  recommended  the  use  of  33-ft.  rails,  which  was  adopted, 
and  was  accompanied  by  the  following  table  giving  the  proper  allowance 
for  expansion  to  be  made  in  laying  33-ft.  rails,  which  was  also  adopted : 
Twenty  degrees  below  to  zero,  /le-in. ;  zero  to  25  degrees  above,  J4"'"-  > 
25  degrees  to  50  degrees,  /ie-in.;  50  degrees  to  75  degrees,  ^-in. ;  75 
degrees  to  100  degrees,  Xe-in. ;  over  100  degrees,  rail  to  be  laid  close 
without  bumping.  (Temperature — Fahrenheit).  (See  Proceedings,  Vol. 
2,  pp.  188-199.) 

1902: — Standard  Specifications  for  Steel  Rails  (Bessemer  Process) 
were  submitted  and  the  following  recommendation  was  adopted :  "We 
recommend  that  the  foregoing  specification  be  adopted  as   standard  for 
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use  of  members  of  this  Association,  that  it  be  printed  and  distributed 
to  the  members,  and  that  the  members  of  the  Association  obtain  the 
information  suggested  in  regard  to  chemical  composition  and  shrinkage, 
and  submit  the  same  for  use  of  the  Committee  on  Rail,  from  time  to 
time,  as  it  is  secured"   (see  Proceedings,  Vol.  3,  pp.  200-206). 

1903: — A  verbal  report  of  progress  was  presented  (see  Proceedings, 
Vol.  4,  pp.  281,  282). 

1904: — Some  amendments  to  the  specifications  recommended  which 
were  approved. 

1905  : — No  formal  report  presented. 

1906: — Data  was  presented  which  had  been  collected  by  the  Com- 
mittee in  regard  to  rail  breakages  and  some  comparisons  between  the 
proposed  specifications  of  the  A.merican  Society  of  Civil  Engineers  and 
the  specifications  of  the  American  Railway  Engineering  and  Maintenance 
of   Way   Association. 

1907  : — No  report  was  presented. 

1908: — Reference  was  made  to  the  work  of  Special  Committee  on 
Standard  Rail  and  Wheel  Sections  of  the  American  Railway  Association 
and  the  two  series  of  proposed  Standard  Sections  submitted  to  the 
American  Railway  Association,  October  i,  1907.  The  Committee  recom- 
mended the  approval  of  the  following  cardinal  principles  applicable  to 
the  designing  of  rail  sections  submitted  by  the  American  Railway  Asso- 
ciation Committee  in  its  report  of  October  i : 

(a)  There  should  be  such  a  distribution  of  metal  between  the  head 
and  the  base  to  insure  the  best  control  of  temperature  in  the  manufac- 
ture of  the  rail. 

(b)  The  percentage  of  metal  in  the  base  of  the  rail  should  prefer- 
ably be  equal  to  or  slightly  greater  than  that  in  the  head,  and  the 
extremities  of  the  flanges  should  be  sufficiently  thick  to  permit  the  entire 
section  to  be  rolled  at  low  temperatures.  The  internal  stresses  and  the 
extent  of  cold  straightening  will  be  reduced  by  this  means  to  a  minimum, 
and  at  the  same  time  the  texture  of  the  section  will  be  made  approxi- 
mately homogeneous. 

(c)  The  sections  should  be  so  proportioned  as  to  possess  as  great 
an  amount  of  stiffness  and  strength  as  may  be  consistent  with  securing 
the  best  conditions  of  manufacture  and  the  best  service. 

Your  Committee  recommend  that  the  limitations  as  to  dimension 
details  of  the  sections,  as  given  in  the  report  of  the  Committee  of  the 
American  Railway  Association,  might  be  approved  tentatively,  but  not 
as  a  cardinal  principle.  The  American  Railway  Association's  limitations 
as  to  dimension  details  are  as  follows : 

(i)     The  width  of  base  to  be  K'-i"-  less  than  the  height. 

(2)  The  fishing  angles  to  be  not  less  than  13  degrees  and  not 
greater  than  15  degrees. 

(3)  The  thickness  of  the  base  to  be  greater  than  in  the  existing 
sections  of  corresponding  weight. 
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(4)  The  thickness  of  the  web  to  be  no  less  than  in  the  existing 
A.  S.  C.  E.  sections  of  corresponding  weight. 

(5)  A  fixed  percentage  of  distribution  of  metal  in  head,  web  and 
base  for  the  entire  series  of  sections  need  not  be  adhered  to,  but  each 
section  in  a  series  can  be  considered  by  itself. 

(6)  The  radii  of  the  under  corner  of  the  head  and  of  top  and 
bottom  corners  of  base  to  be  as  small  as  practicable  with  the  colder 
conditions  of  rolling. 

(7)  The  radii  of  the  fillets  connecting  the  web  with  head  and  base 
to  be  as  great  as  possible  for  reinforcing  purposes,  consistent  with 
securing  the  necessary  area  for  bearing  surface  under  the  head  for  the 
top  of  the  splice  bar. 

(8)  The  sides  of  the  head  should  be  vertical  or  nearly  so. 

(9)  The  radii  of  the  top  corners  of  the  head  should  not  be  less 
than  ^-in.  so  long  as  the  wheels  continue  under  the  present  standard 
of  the  Master  Car  Builders'  Association. 

Form  M.W.  2002-A  (old  No.  1200)  for  Uniform  Report  for  Rail 
Failures  of  Main  Tracks,  was  submitted  and  adopted.  A  discussion  on 
rail  blanks  by  Mr.  W.  C.  Gushing  and  a  paper  by  Mr.  J.  E.  Howard,  of 
the  Watertown  Arsenal,  on  the  "Strength  and  Endurance  of  Steel 
Rails,"  accompanied  the  report. 

WORK    OF    THE    COMMITTEE    IN     1908. 

The  Board  of  Direction  instructed  your  Committee  for  its  work 
during  the  year  as  follows : 

(i)  Continue  the  investigation  of  the  breakage  and  failure  of  rails 
and  present  summary  of  conclusions  drawn  from  reports  received. 

(2)  Report  on  the  results  obtained  from  the  use  of  Open-Hearth 
Steel  Rails  and  the  chemical  composition  of  such  rails. 

(3)  Report  on  any  recommended  changes  in  Specifications  for 
Bessemer  Steel  Rails  as  heretofore  adopted  by  this  Association. 

(4)  Present  recommendations  as  to  Standard  Rail  Sections. 

(5)  Present  report  showing  diagrams  or  photographs  of  typical 
characteristic  rail  failures  corresponding  to  the  classification  as  given  w 
old  form  M.W.  1200  {nerv  form  M.W.  2002-.4).  "Report  of  Rail  Fail- 
ures in  Main  Tracks." 

(6)  Joints  considered  as  a  zvhole.  Recommend  design  and  specifi- 
cations. 

The  Committee  of  the  American  Railway,  Association  on  Standard 
Rail  and  Wheel  Sections  in  its  report  of  March  23,  1908,  recommended 
the  following,  which  was  adopted  at  the  meeting  held  in  New  York, 
April   22,    1908: 

"Your  Committee  respectfully  recommends  that  the  series  of  sections 
of  types  'A'  and  'B,'  and  the  specifications  for  Bessemer  and  Open- 
Hearth  Steel  Rails,  submitted  with  this  report,  be  adopted  as  the  recom- 
mended practice  of  thp  Associafipn,  and  that  the  sections  and  specifica- 
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tions  be  referred  to  the  American  Railway  Engineering  and  Maintenance 
of  Way  Association,  with  the  request  that  they  follow  up  the  question 
of  determining  the  details  as  to  drop  test,  etc.,  by  observing  the  actual 
results  of  rails  rolled  under  tlie  new  sections,  and  that  they  also  arrange 
to  collect  from  the  different  members  and  tabulate  all  information  as  to 
comparative  wear  of  rails  rolled  from  the  different  parts  of  the  ingot, 
and  all  other  information  necessary  to  a  proper  study  of  the  prolilem. 
That  they  be  further  requested  to  keep  careful  record  of  the  comparative 
results  in  service  of  rails  of  types  'A'  and  'B,'  and  to  prepare  and 
submit  to  this  Association  a  single  type  of  section  which  will  embody 
their  ideas  as  to  the  best  type  that  can  be  designed  for  use  as  a  single 
standard  to  be  adopted  by  this  Association,  giving  due  weight  to  every 
factor  entering  into  the  problem." 

This  action  was  conveyed  to  your  Committee  and  is  considered  as 
a  part  of  its  instructions. 

Your  Committee,  fully  recognizing  the  great  importance  of  the  work 
assigned  to  it,  has  thought  it  wise  to  proceed  with  deliberation.  At  the 
first  meeting  of  the  Committee  it  was  decided  that  on  account  of  the 
large  field  to  be  covered  and  the  size  of  the  Committee  that  it  would  be 
advisable  to  subdivide  the  work,  and  therefore  one  of  the  essential  mat- 
ters for  attention  was  the  adoption  of  a  proper  organization  to  carry 
on  the  work.     The  following  organization  was  adopted : 

Sub-Committee  A — Experiments  and  Tests: 

(a)  Confer  with  the  Manufacturers'  Committee,  through  its  Chair- 
man, from  time  to  time,  in  order  to  keep  each  committee  posted  con- 
cerning the  work  of  the  other.  It  is  of  the  greatest  importance  that 
we  should  lose  none  of  the  harmonious  feeling  which  has  been  estab- 
lished by  the  American  Railway  Association  between  the  railway  men 
and  the  manufacturers. 

(b)  Report  on  best  design  for  a  drop  testing  machine,  after  con- 
ference  with    the    Manufacturers'    Committee. 

(c)  Report  upon  the  results   of  drop  tests. 

(d)  Recommend    additional    methods    of    testing    rails. 

(e)  Exchange  statistical  information  with  the  Committee  of  the 
Manufacturers'  Association,  and  under  instructions  from  the  General 
Committee    confer   with   kindred   associations. 

(f)  Make  such  tests  as  may  be  deemed  advisable  by  the  General 
Committee,  investigate  and  report  upon  tests  made  by  outside  parties 
such  as  the  Watertown  Arsenal,  when  available,  and  examine  into  and 
report  upon  methods  of  manufacture  and  the  handling  of  rails  at  the 
mills. 

Members:  Chas.  S.  Churchill,  Chairman;  R.  Montfort,  P.  H 
Dudley,  J.  D.  Isaacs,  Thos.  H.  Johnson,  J.  P.  Snow,  F.  A.  Delano. 

Sub-Committee  B — Sections  and  Specifications: 

(a)  Recommend  such  changes  as  may  be  necessary  in  the  Manual 
of  Recommended  Practice. 
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(b)  Prepare  and  submit  for  approval  a  single  type  of  rail  section. 
It  MS  not  expected  that  this  report  can  be-  completed  until  sufficient 
time  has  elapsed    to   complete   service   tests. 

(c)  Report  upon  the  advisability  of  canting  rails  and  the  general 
relation  of  the  wheel  to  the  rail. 

(d)  The  joint  considered  as  a  whole.  Recommend  design  and 
specifications. 

Members:  J.  B.  Berry,  Chairman;  George  W.  Kittredge,  Jos.  T. 
Richards,  J.   F.   Hinckley,  J.   W.   Kendrick,   Robert  Trimble. 

Siih-Comniittee  C — Rail  Service: 

(a)  Submit  blanks  for  tabulating  rail  statistics. 

(b)  Collect  and  compile  rail  statistics.  In  this  connection,  photo- 
graphs and  characteristic  rail  failures  should  be  collected  from  all  parts 
of  the  country. 

(c)  Report  on  rails  now  in  use,  made  of  steel  composed  of  dif- 
ferent  alloys. 

(d)  Make  comparative  statement  of  the  results  of  the  use  of 
series  "A"  and  "B"  and  other  sections  of  rail. 

Members:  W.  C.  Gushing,  Chairman;  D.  W.  Lum,  J.  A.  Atwood, 
A.   S.  Baldwin,  Howard  G.  Kelley,  G.  H.  Ewing,   E.   B.  Ashby. 

Referring  to  the  first  instruction  of  the  Board  of  Direction  in  regard 
to  the  investigation  of  rail  breakage  and  failures,  your  Gommittee  has 
recognized  the  necessity  of  securing  accurate  data  in  order  that  proper 
deductions  and  conclusions  may  be  drawn,  and  it  considers  it  necessary 
that  reports  of  all  kinds  should  be  on  a  uniform  basis  for  reporting  on 
the  manufacture  of  the  rail  as  well  as  its  behavior  afterward  in  the 
track;  therefore  we  have  devoted  considerable  time  to  the  preparatiovi 
and  consideration  of  a  proper  scheme  of  blanks  for  reporting  rail 
failures. 

The  blanks  recommended  were  submitted  to  your  Association  for 
letter-ballot  (see  Bulletin  No.  102)  in  order  to  get  the  blanks  into  use 
at  as  early  a  day  as  possible  and  without  waiting  for  action  at  the 
annual  meeting  to  be  held  in  March,   1909. 

To  make  this  report  complete,  the  following  description  of  the 
blanks  recommended  is  given : 

Beginning  with  the  rolling  of  the  rail  in  the  mill  they  are  divided 
into  five  general  groups — 

GROUP  I— REPORTS   OF  RAIL  INSPECTION   AND    SHIPMENT 
AT   THE   MILL. 

This    set    of    forms    is    for    the    use    of    the    railroad    company's    in- 
spector at  the  mills  where  the  rail  is  rolled,  and  gives  all  the  informa- 
tion necessary  to  inform  the  purchaser  that  his   order   has  been   manu- 
factured in  accordance  with  the  specifications  and  shipped.  '^    '   * 
2001 — A — Report  of  Chemical  and  Physical  Ejcaminatioti:          -        " 

This  blank  is  filled  out  from  the  mill  records  under  the  stipervisfon 
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of  the  Inspector,  and  gives  the  chemical  contents  taken   from  the   ladle 
analysis  and  the  result  of  the  drop  test. 
2001— B — Certificate    of   Inspection: 

This    is   the    Inspector's    written    statement    that    the    material    which 
he  has  witnessed   rolled  has  been  turned  out  strictly  in  accordance  with 
the  specifications  and  the  order  of  the  railroad  company. 
200I—C — Report  of  Shipment: 

This  blank  is  used  for  reporting  the  number  and  length  of  rail 
shipped  in  each  car  from  the  works  and,  when  properly  checked  by  the 
Receiving  Officer,  it  furnishes  the  basis  for  payment  of  the  bill. 

GROUP    II— REPORTS    FROM    DIVISION    OFFICERS. 

This   group   contains   all    the    regular    reports    which    come    from    the 
the  division  officers  concerning  the  rails  which  have  been  put  in  service 
in  track. 
2C02-A — Report  of  Rail  Failures  in  Main  Tracks: 

This  is  the  basic  report  of  all  rail  failures  and  is  sent  by  the 
Track  Foreman  to  his  Supervisor  and  by  him  transmitted  to  the 
Division  Engineer.  It  is  the  form  already  adopted  by  the  Association 
under  M.W.  1200,  and  contains  a  classification  of  rail  failures  which  is 
used  in  the  tabulations  employed  in  the  following  blanks. 
2002-B — Superintendent's    Monthly    Report    of    Rail    Failures    in    Main 

Tracks: 

On  this  blank  the  Division  Engineer  informs  his  Superintendent  of 
the  total  number  of  rail  failures  for  the  month  tabulated  from  the 
Track  Foreman's  report,  and  other  officers  who  are  interested,  such  as 
the  Chief  Engineer,  Chief  Engineer  of  Maintenance  of  Way  or  General 
Superintendent,  are  furnished  with  copies.  In  cases  where  a  copy  of 
the  Track  Foreman's  Report  is  sent  to  the  Chief  Engineer  or  Chief 
Engineer  of  Maintenance  of  Way,  the  monthly  report  serves  as  a 
check  on  the  receipt  of  all  individual  rail  reports. 
2002-C — Anyiual  Statement    of   Steel   Rails  Existing   in   Main    Tracks: 

This  is  an  annual  report  sent  by  the  Division  Engineer  to  the 
Chief  Engineer  or  Chief  Engineer  of  Maintenance  of  Way  for  the 
permanent  record  of  the  Company,  to  show  the  different  kinds  of  steel 
in  the  main  tracks  at  the  end  of  the  year.  This  may  be  used  in  con- 
junction with  the  rail  chart,  or  take  its  place  altogether,  because  the 
rail  chart  is  not  in  convenient  form  for  a  permanent  record  which  may 
be  referred  to,  after  many  years,  for  information  concerning  the  kind 
of  rail  in  use  at  a     stated  period. 

GROUP      III— LABORATORY      EXAMINATION      OF      SPECIAL 

RAILS. 
2003- A : 

This  group  is,  at  present,  represented  by  this  single  form.  It  is 
used  for  making  check  analyses   against   the   mill   analyses   and    for   re- 


RAIL  341 

porting  the  result  of  chemical  analysis  and  physical  test  of  special  rail 
or  other  test  pieces  which  may  be  sent  to  the  laboratory,  from  time  to 
time,  for  examination. 

GROUP   IV— COMPILATION   OF  RESULTS   FOR   STUDY. 

This    group    exhibits    the    different    ways    for    compiling    quantitative 
statistics  of  rail  failures. 
2004-A — Summary    of    Steel    Rail   Failures    for    Six    Months    Compared 

zvith  the  Same  Period  of  Previous   Year: 

This  blank  is  intended  for  compiling  the  information  relative  to  rail 
failures  for  a  period  of  six  months.  It  can  also  be  used  for  other 
periods  if  found  desirable.  The  failures  are  reduced  to  percentage  of 
tons  of  rails  laid  in  preference  to  the  number  of  rail  per  thousand  tons 
of  rail  laid,  for  the  reason  that  the  latter  does  not  take  care  of  dif- 
ferent lengths  of  rail,  which  the  former  does. 

The  columns  for  "specified  chemical  analysis"  are  intended  for 
recording  the  analyses  of  the  particular  lot  of  rail  as  given  in  the 
specification,  and  is  inserted  in  this  blank  in  order  to  give  an  idea  as 
to  whether  the  rail  is  high  or  low  in  carbon,  or  high  or  low  in  phos- 
phorus, etc. 
2004-B — Summary  of  Steel  Rail  Failures  for  a  Period  of  Years: 

The  railroad  company  is  supposed  to  be  keeping  a  continuous  record 
of  rail  failures,  and  it  is  desirable  to  have  the  record  reach  as  far 
back  as  possible ;  therefore,  this  blank  has  been  provided  on  which  the 
results  from  2004-A  will  be  recorded  at  the  end  of  the  year,  thus  mak- 
ing a  continuous  record. 
2004-C — Comparative    Number    of   Failures    of   Steel   Rails    of   Different 

Section    or   Pattern,    Rolled    by    Different   Steel   Companies: 

In    order   to    compare,    at    a    glance,    the    product   of   different    mills, 
and   also   to   compare   different    weights   per   yard    and   diffevent    sections 
together,  this  blank  has  been  provided.     It  contains  the  totals  taken  from 
2004-A  or  2004-B,  as   desired. 
2004-D — Position  in  Ingot  of  Steel  Rails  Which  Failed: 

This  is   intended   to   furnish   data   on   the  number   and    character   of 
rail   failures  according   to   the  original   position   in   the   ingot   held   by   the 
rail   in   question. 
2004-E : 

The  information  in  this  group  should  be  bound  together  in  one 
book;  this  cover  has  been  provided  for  convenience  and  neatness. 

GROUP   V— PROGRESSIVE   WEAR    OF    SPECIAL   RAIL   UNDER 
OBSERVATION. 

In  order  to  keep  track  of  special  rail,  from  time  to  time,  and 
determine  the  value  of  the  results  being  given,  it  is  necessary  to  have 
a    systematic    plan    of    procedure    for    examinations    and    records.     This 
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group  is  furnished  for  that  purpose,   and   is   provided    with  a   cover,   as 
in  the  case  of  the  previous  group. 
2005-A — Location    Diagram: 

This  blank  is  on  a  scale  one  in.  equals  one  mile,  and  is  intended 
for  diagrams  showing  the  location  in  different  places  of  the  same 
kind  of  rail   under  trial. 

200S-B — Location   Diagram: 

This  is  the  same  as  2005-A,  except  that  it  is  on  a  scale  of  two  in. 
equals  one  mile,  and  is  intended  to  show  the  location  of  a  particular 
portion  of  the  rail  given  in  2005-A.  It  is  made  on  a  larger  scale,  so 
as  to  locate  'the  points  of  measurement.  A  place  is  provided  on  each 
blank  for  the  summary  of  the  wear  or  area  aliraded  in  percentage  of 
total  area  of  head. 
200S-C — Diagram  Slwicing  Lines  of  Wear: 

The  measurement  of   rail   section   at   a   specified   point   is   shown   on 
this   blank   and   its   position   on   2005-B   is    given    by    the    number   in   the 
circle  in  the  center  of  the  blank  at  the  top.     All  statistical   information 
of  interest  and  importance  is  given  on  the  blank. 
2003-D — Record  of  Comparative   Wear  of  Special  Rail: 

This  blank  is  intended  for  compiling  the  information  given  in  the 
previous  ones,  so  as  to  give  a  general  summary  of  the  results. 

REPORTS  REQUIRED   BY  THE  RAIL  COvMMITTEE. 

Your  Committee  understands  that  the  main  part  of  its  work,  in 
this  connection,  is  to  study  rail  failures  quantitatively,  and  the  blanks 
have  been  drawn  up  with  that  end  in  view.  A  quantitative  tabulation 
of  rail  failures,  from  year  to  year,  ought,  ultimately,  to  give  valuable 
information  to  the  Association  by  serving  as  an  inde.x,  by  numbers, 
whether  the  results  obtained  from  the  new  patterns  of  rail  rolled  under 
the  specifications  are  coming  up  to  the  expectations.  The  way  has  already 
been  paved  for  such  information  by  the  classification  of  rail  failures  on 
the  back  of  the  Track  Foreman's  report  blank,  M.  W.  2002-A,  which  was 
adopted  by  the  Association  at  the  last  annual  meeting  in  March. 

Although  the  Rail  Committee  recommends  the  above  series  of  blanks 
to  the  members  of  the  Association  as  suitable  for  keeping  rail  service 
records,  it  will  itself  only  need  three  for  receiving  the  quantitative  re- 
ports of  failures  from  the  members. 

These  three  forms,  2004-A,  2C04-D  and  2005-D,  will  be  supplied  and 
sent  out  to  the  members  by  the  Committee  to  be  filled  out  for  the  si.x 
months'  period  ending  October  31,  and  similar  information  will  there- 
after be  regularly  requested  for  six  months'  periods,  viz. :  April  30 
and  October  31,  this  division  of  periods  being  intended  to  give  winter 
and  summer  periods,  in  order  to  study  the  effect  of  each. 

Your    Committee   feels    that   the   study  of  individual    rails    can    only 
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be  taken  up  in  part,  as  it  is  impossible  for  the  Committee  to  consider 
the  individual  rail  failures  on  all  the  railroads  in  our  membership.  It 
is,  therefore,  assumed  that  each  member  of  the  Association  will  make 
the  study  of  individual  rails  for  his  own  system,  digest  the  informa- 
tion as  much  as  possible,  and  furnish  the  Committee  with  accurate 
information  which  may  be  of  value  to  all  the  members  and  enable  them 
to  draw  proper  conclusions. 

The  following  resolutions  were  submitted  to  the  Association  for 
letter-ballot: 

"Resolved,  That  the  complete  set  of  rail  statistic  blanks  previously 
described  be  used  by  the  members  of  the  Association  for  reporting  and 
compiling  information   relative   to   rail   failures   and   rail   service. 

"Resolved,  That  form  2004-A,  Summary  of  Steel  Rail  Failures  for 
Si.x  Months,  Compared  with  the  Same  Period  of  Previous  Year ;  form 
2004-D,  Position  in  Ingot  of  Steel  Rails  Which  Failed,  and  form  2005-D, 
Record  of  Comparative  Wear  of  Special  Rail,  be  adopted  by  the 
Association  as  approved  forms  for  receiving  statistics  for  the  quantita- 
tive study  of   rail  failures. 

"Resolved,  That  the  members  of  the  Association  furnish  the  Rail 
Committee  with  reports  of  studies  of  individual  rail  failures  or  rail 
service,  from  time  to  time,  as  soon  as  such  studies  have  been  made. 

"Resolved,  That  these  recommendations  be  accepted  and  put  into 
effect  at  once  by  the  members  of  the  Association,  subject  to  revision 
at   the  annual   meeting." 

The  result  of  the  ballot  to  November  5,  1908,  was  as  follows : 

For    Rail    Record   Blanks 261 

Against    10 

Blank    6 

Total 277 

Your  Committee  recommends  that  the  blanks  described  above  and 
approved  by  your  Association  by  letter-ballot  be  added  to  the  Manual 
of  Recommended   Practice. 

The  Committee  has  arranged  to  have  forms  2004-A,  2004-D  and 
2005-D,  for  report  of  rail  failures  for  six  months  ending  October  31, 
1908,  sent  to  the  railroads  of  the  country  through  the  American  Rail- 
way Association. 

The  quantitative  statistics  will  show  whether  rail  failures  are  in- 
creasing or  decreasing,  from  year  to  year,  and  what  particular  kinds 
of  failures  are  the  most  numerous,  but  it  will  be  necessary  also  to 
have  the  information  to  be  derived  from  the  study  of  individual  rails 
in  order  to  determine,  as  nearly  as  possible,  the  cause  or  causes  for  the 
different  kinds  of  failures  so  that  wc  may  apply  our  knowledge  to  the 
correction   of  the   troubles. 

The  following  plan  is,  therefore,  suggested  for  each  official  charged 
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with  the  study  of  rail  faihires  for  use  both  for  his  own  benefit  and 
for  the  benefit  of  the  Rail  Committee : 

(i)  Four  rails  of  every  hundred  which  have  failed  in  service  should 
be  selected  for  investigation  and  analysis. 

(2)  As  the  Track  Foreman's  reports  on  form  M.  W.  2002-A  come 
from  the  Division  Officers,  the  Chief  Engineer,  or  Chief  Engineer  of 
Maintenance  of  Way,  should  select  four  cases  out  of  every  hundred 
which,  in  his  judgment,  will  furnish  valuable  information  upon  being 
investigated.  If  he  desires  he  may  leave  this  selection  to  the  Division 
Officer,  as  it  may  happen  that  the  Division  Officer  may  have  a  better 
opportunity  ,for  selecting  good  samples  than  his  superior.  As  soon  as 
the  selections  have  been  made  blank  M.W.  2002-A,  for  the  special  rail 
in  question,  should  be  checked  by  an  engineer  by  a  visit  to  the  place 
where  the  rail  was  found,  and  he  should  also  inspect  the  rail. 

(3)  The  selected  rail  or  piece  of  it  should  be  sent  forward  to  the 
laboratory  where  it  is  to  be  examined  and  a  copy  of  the  checked  Track 
Foreman's  report,  M.W.  2002-A,  should  be  sent  to  the  laboratory,  and 
the  Chief  Engineer  or  Chief  Engineer  of  Maintenance  of  Way  should 
also  retain  a  checked  copy. 

(4)  At   the   laboratory   there   should  be  made : 

(a)  Photographs    of    the    defective    or    broken    rails. 

(b)  A   chemical    analysis. 

(c)  A  ,  physical    test,    such    as    tensile    strength,    elastic    limit, 
elongation,  etc. 

(d)  Photo-micrographs   showing  the   structure  of  the   mateiial. 
The   chemical   and  physical   results   should  be  reported   to   the   Chief 

Engineer  or  Chief  Engineer  of  Maintenance  of  Way  on  form  M.  W. 
2003-.'\,  and  the  photographs  and  micro-photographs,  made  on  the 
same  size  sheet,  should  be  pinned  to  it.  If  the  place  for  remarks  on 
the  form  is  not  sufficient  to  explain  the  results  of  the  examination, 
further   explanation    can   be    given    in    a   letter. 

Upon  receipt  of  this  report,  the  Chief  Engineer  or  Chief  Engineer 
of  !^.Iainte^ance  of  Way  can,  if  desirable,  add  the  chemical  analysis 
originally  obtained  from  the  mill,  and  also  the  drop  test.  The  com- 
plete report  would  then   consist  of: 

(a)  Copy  of  the  Track  Foreman's  report  on  form  M.  W.  2002-.A, 
after   being  checked   by   an   engineer. 

(1))  Results  of  chemical  analysis  and  physical  test  on  form  M.  W. 
2003-A. 

(c)  Photographs  of  the  defect  or  fracture  and  micro-pliotographs 
of   the    interior    structure. 

(d)  A  complete  written  analysis  or  deduction  from  the  study  of 
the   above   information. 

The  Rail  Committee  should  receive  a  copy  of  such  a  study  or  else 
a  report  by  the  Chief  Engineer  or  Chief  Engineer  of  Maintenance  of 
Way,  giving  the  results  of  a  collection  of  similar  studies. 
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For, 


Mr • Chief- Engineer  M.of  W.      Date 19- 
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Rails  are  certified  to  be  within  the  limits  of  the  Specifications  of  the 
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of  report  for  description  of  failures.) 
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348 


Back  of  Form  M.  W.  2002-A. 


INSTRUCTIONS. 

The  ( * J  will  send  this  report  to  the  ( * )  the  same  day  the  break  is 

discovered  and  in  the  case  of    a  damaged   or  defective    rail,  the  day  it   i;   taken    out   of 
the  track. 

The  ( * )  will  forward  this  report  direct  to  the  ( * ). 

The  ( ■!! )  will  have  copies  of  this  report  made  immediately  upon   receipt  and  send 

copy  to  each  of  the  following  officers  ( * __)  and  ( * J. 

The  Rail  Number  or  letter  in  5  (front  page)  will  be  found  a  few  inches  to  the  right  of  the  Heat 
Number  and  is  marked  with  a  letter  of  the  alphabet  or  number. 


DESCRIPTION    OF   RAIL.   FAILURES. 

When  describing  Failures  of  Rails,  the  following  terms  should  be  used: 

1.  Broken  Rail.  This  term  is  to  be  confined  to  a  ra4l  which  is  broken  through,  separating  it 
into  two  or  more  parts.  A  crack  which  might  result  in  a  complete  break  will  come  under 
this  head. 


=^ 


2.  Damaged.  Under  this  head  will  be  included  all  rails  broken  or  injured  by  wrecks,  broken 
wheels,  or  similar  causes. 

3.  Flow  of  Metal.  This  term  means  a  "Rolling  out"  of  the  metal  on  top  of  the  head  toward 
its  sides  without  there  being  any  indication  of  a  breaking  down  of  the  head  structure ;  that 
is,  the  underside  of  the  head  is  not  distorted. 


z 


4.  Crushed  Head.  This  term  is  used  to  indicate  a  "Flattening"  of  the  head,  and  is  usually  ac- 
companied by  a  crushing  down  of  the  head  as  shown  in  sketch. 

■r>. 

X 

5.  Split  Head.  This  term  includes  rails  split  through  or  near  the  center  line  of  the  head  or  rails 
with  pieces  split  off  the  side  of  the  head.  When  this  term  is  used  it  should  be  further  defined 
by  stating  whether  it  is  or  is  not  accompanied  by  a  seam  or  hollow  head. 


1   1 


6.     Split  Web.     This  term  is  a  longitudinal  split  along  the  axis  of  the  web  generally  starting  from 
the  end  of  rail  through  the  bolt  holes. 


7      Broken  Base.     This  term  covers  all  breaks  in  base  of  rail  and  should  be  described  and  illus- 
trated on  sketches  on  front  page. 


IF 


•Each  railroad  will  fill  in  these  blanks  to  suit  its  practice. 
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Back  of  Korin  M    W    Jllfl2  [t 


INSTRUCTIONS. 

A.  The  Engineer  of  M.  of  W.  will  make  out  two  copies  of  this  report  at  the  end  of  the  month 
from  the  Section  Foreman's  reports,  and  send  one  copy  to  the  Chief  Engineer  M.  of  W.  and  one  to  the 
General  Superintendent. 

B      Mile  Post   Xurnber  from  |  |°"j''  end  of  Division  to  be  used. 


DESCRIPTION     OF     RAIL.     FAILURES. 

When  describing  Failures  of  Rails,  the  following  terms  should  be  used; 

1       Broken  Rail.     This  temi  is  to  be  confined  to  a  rail  which  is  broken  through,  separating  it  into  two 
or  more  parts.     A  crack  which  might  re.sult  in  a  complete  break  will  come  under  this  head. 

•    ^-  '!     ''     .-'      ,-^ 

2-     Damaged.     Under  this  head  will  be  included  all  rails  broken  or  injured  by  wrecks,  broken  wheels  or 
similar  causes. 

3.     Flow  of  Metal.     This  term  means  a  "Rolling  out"  on  top  of  the  head  towards  its  sides  without 

■  there  being  any  indication  of  a  breaking  down  of  the  head  structure;   that  is,  the  underside  of   the 

head  is  not  distorted.       * 


1 


4.     Crushed  Head.     This   term  is   used  to  indicate  a  "  Flattening"  of   the  head  and    is  usually  accom 
panied  by  a  crushing  do<vn  of  the  head  as  shown  in  the  sketch. 


.5.  Split  Head.  This  term  includes  rails  split  thj'ough  or  near  the  center  line  of  the  head  or  rails  with 
pieces  split  off  the  side  of  the  head.  When  this  term  is  used  it  should  be  further  defined  by  stating 
whether  it  is  or  is  not  accompanied  by  a  seam  or  hollow  head. 


I 


1    1. 


0.     Split  Weu.     This  term  means  a  longitudinal  split  along  the  a.xis  of  the  web  generally  starting  from 
the  end  of  rail  through  the  bolt  holes. 


Broke.n  Base.     This  term  covers  all  breaks  in  base  of  rail 


I^ 
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F\)rm  M 

.  W.  2002-C 

A.  B.  ^  C.  R.  R.  Co. 

Division . 

Statement  of  Steel  Rails  existing  in  Main  Tracks  of Division. 

Main  Track.                                                                                    December  31,  19 
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"     "     85    ■■     ••                      ■•       •• 

..       ..    JQQ     ..       „                               „          ., 

Column  3  to  be  used  for  any  special  rail,  such  as  Re-rolled  or  Sawed 
and  Re-drilled                                                                                                Correct: 

To  be  made  out  and  fonvarded  by  the  Engineer  M.of  W  to  the  Chief 
Engineer  M.  of  W.,  as  soon  after  the  close  of  the  year  as  possible.                                                     Engineer  M  of  w 

362 


<i 

0: 

<o 

^ 

CO 

o 

o 

1  f- 

^ 

<o 

III 

^ 

loa 

B 

h 

P 

<o 

Ec< 

^ 

'A 

^ 

.2 

H 

u. 

0 

&5.E 

M     1 

i  - 

_:^ 

a 
Q 

0      1 

=f 

U 

M.S 

rt 

•0    1 

fc- 

c 

(U 

O 

.0  ^ 

a.£ 

5 

> 

1 

< 

0  — 

to 

"^ 

;~  M 

r'     ^ 

c 

M 

3  i 

■f 

n 

"  CO 

S 

,5i 

ai 

5 

^ 

"o 

'!  "" 

i 

Q^ 

c 
.0 

■^3 

c. 
0 

c^ 

c 

7, 

00 

j^ 

•0' 

^ 

'3 

^ 

1 

3 

a> 

3 

■55 

>, 

0 

^ 

^ 

J3 

QQ 

-a 

c 

t/l        IT, 

c 
E 

"o 

3 

'^ 

C3 

"(3 
u 

■§ 

■3 

w 

J* 

U 

C/3 

1^    V, 

. 

0 
0 

X 

i 

" 

•0 

0. 

ILI 

^ 

"rt 

W 

'a. 

Qi 

^ 

< 

c 
"0. 

4» 

b.       1 

0     1 

2     1 
0     1 

A        1 

s 

u 
0 

a, 

P 

c/5 

£ 
0 

c 

^     ^ 

0 

s  " 

^        1 

g: 

10 

ks. 

'  refers  als 
it  fragmen 

"-                                                               "ui  ;. 

«                                 as 

.C 

d 
z 

d 

■O 

5                                       -co 

0 

0 

2fi                                                                                     0  u, 

•a 

c3 

-0"r5 

c.  . 

d 

1 

1 

o| 

»             ^ 

il 

(2 

2 

II 

-1^ 

;;; 

§1 

n    ' 

^' 

a  ^ 

0   w. 

-J  0 

^    ^ 

0 
2 

353 


354  RAIL. 


Form  M.  \V.  2004- E 

A.  B.   &  C  R.  R.   CO. 

Division 


Numerical  Record  and   Position    in    the    Ingot    of    Steel    Rails  which  have 

Failed  in  Service. 


Year to  Year  19_ 


Office  of  CHIEF   ENGINEER  M.  of  W. 
(or  other  officer) 


A.  B.  ^  a  R.  R.   Co. 

Division 

Branch 

Summary  of  Steel  Rail  Failures  for  6  mos.  compared  with  same  period  of  previous  year. 
lbs. Sec. Steel.         Rolled  by Steel  Co.. __  Record  for  Period  of  _._     _                           ending                     19 

s. 
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"o 

Note;     Only  statistics  of  Rails  weighing  over  70  lbs.  per  yard  are  required 

Rails  broken  or  injured  by  wrecks,  broken  wheels  or  similar  causes,  are  not  to  be  included  in  this  report. 
The  6  months  periods  are  to  extend  from  April  30  to  Oct.  31.,  and  from  Oct.  31  to  April  30. 
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A.  B.  ^  C.  R.  R.  Co. 

_                                            Division 

Rosition   in   Ingot  of  Stoel   Rails  whichi    Failed                                  Sheet  No 

for  Rerlod   of ending 19 of Sheets 

Type  of  Rail  Section 

is 

i 

(- 

s 

is 

■o 

Note:    The  letters  A,  B,  C,  etc.,  denote  the  position  of  the  Rail  in  the  ingot,  "A"  being  the  top  rail,"B"  the  second,  etc. 

The  percentages  which  the  record  figures  are  of  the  total  are  to  be  put  above  the  record  figures  in  the  columns  under  A,  B,  C,  etc., 
Only  Statistics  of  Rail  weighing  over  70  lbs.  per  yard  are  required 
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RAIL.  359 


Form  M.  W.  2005-E 

A.  B.   &  C.  R.  R.   CO. 


RAIL  SECTIONS 

Showing  Progressive  Wear 
of 


-Division 


-and Steel  Rails. 


Laid . Removed - 


Office  of  CHIEF  ENGINEER  M.  of  W. 
(or  other  officer) 
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DROP    TESTING    MACHINE. 

Your  Committee  considers  that  a  uniform  system  of  testing  at  the 
mills  is  essential.  The  following  specifications  for  a  Standard  Drop 
Testing  Machine   were   submitted   by   letter-ballot   to   this    Association : 

SPECIFICATIONS    FOR    DROP    TESTING    MACHINE. 

A  Drop  Testing  Machine  conforming  essentially  to  the  manufac- 
turers' plans  and  specifications  and  in  general  accord  with  the  following 
requirements   will   give   satisfactory    results : 

1.  The  machine  shall  be  arranged  to  allow  a  2000-lb.  tup  to  fall 
freely  at  least  25  ft.  on  the  center  of  a  rail  resting  on  supports  that 
can  be  adjusted  to  spans  varying  from  3  ft.  to  4  ft.  6  in. 

2.  The  anvil  shall  be  a  solid  casting,  weighing  with  the  attach- 
ments that  move  with  it,  20,000  lbs.  It  shall  be  free  to  move  vertically 
independently  of  the  lead  columns  and  shall  be  supported  on  20  springs 
known  as  the  standard  "C"  spring,  without  center  coil,  as  employed 
by  the  Master  Car  Builders'  Association  (their  figure  5614).  This 
spring  has  a  free  length  of  S]4  i"-,  an  outside  diameter  of  5t^  in., 
and  is  made  from  a  bar  having  a  diameter  of  ii?5  in.  These  springs 
are  to  be  arranged  in  groups  of  five  at  each  corner  of  the  anvil  and 
are  to  be  held  in  place  by  hubs  raised  on  the  top  of  the  base  plate  and 
by  circular  pockets  on  the  underside  of  the  anvil.  Removable  finished 
steel  wearing  strips  shall  be  secured  to  the  anvil  and  the  lead  supports 
for   guiding  the  vertical  movement  of  the  anvil. 

3.  The  base  plate  shall  be  of  cast-iron  or  cast  steel  8  in.  thick  in 
the  area  covered  by  the  anvil.  It  shall  be  firmly  secured  to  the  sub- 
structure by  four  bolts  2  in.  in  diameter. 

4.  The  substructure  shall  consist  of  a  timber  grillage  resting  on 
a  masonry  foundation.  The  grillage  shall  project  9  in.  beyond  the  ends 
of  the  base  plate,  and  clear  the  columns  at  the  side.  It  shall  consist 
of  one  course  of  12  in.  by  12  in.  sound  oak  or  Southern  yellow  pine, 
preferably  creosoted,  laid  close  and  well  bolted  together.  The  masonry, 
preferably  concrete,  shall  be  not  less  than  5  ft.  deep  below  the  grillage 
and  be  suitably  supported   on   the  subsoil. 

5.  The  pedestals  for  supporting  the  test  rail  shall  be  substantial 
castings.  The  rail  supports  shall  be  removable  pieces  of  steel,  securely 
held  in  the  pedestals,  having  an  upper  cylindrical  bearing  surface,  with 
a  radius  of  5  in.  The  pedestals  shall  be  adjustable  to  spans  varying 
from  3  ft.  minimum  to  4  ft.  6  in.  maximum  between  centers.  They 
shall  be  securely  held  together,  and  so  fixed  to  the  anvil  as  to  insure 
that  the  center  of  span  shall  always  coincide  with  the  center  between 
leads. 

6.  The  leads  shall  be  firmly  connected  to  the  base  plate  and  well 
braced.  They  shall  be  long  enough  to  provide  the  prescribed  free  fall 
of  the   tup.     They   shall   be   provided   with    a   convenient   ladder   and    a 
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plainly  marked  gage,  divided  into  one-foot  intervals.  The  zero  of  this 
gage  shall  be  5%  in-  above  the  top  of  the  rail  supports,  and  the  speci- 
fied height  of  drop  shall  be  measured  from  this  zero  irrespective  of 
the  height  of  rail  being  tested.  One  of  the  guides  shall  have  a  remov- 
able section  6  ft.  long  at  the  bottom,  so  that  the  tup  or  tripping  block 
can  be  readily  removed. 

7.  The  tup  shall  weigh,  with  the  accessories  that  drop  with  it, 
2000  lbs.  The  striking  die  shall  be  steel,  having  a  sylindrical  striking 
face,  with  radius  of  5  in.  and  a  length  of  12  in.  The  guide  grooves 
shall  have  finished  surfaces.  The  tripping  head  shall  allov^  a  grip  of 
the  tongs  that  will  release  at  the  exact  height  for  which  the  tripping 
device  is  set,  and  that  will  be  safe  from  accidental  release  while  the 
test  piece  is  being  shifted. 

8.  The  tongs  and  tripping  device  shall  be  arranged  to  release  the 
tup  automatically  only;  no  manual  releasing  will  be  allowed.  The  trip- 
ping device  shall  be   easily  adjustable  at  one-foot   intervals. 

The  Committee  desires  it  to  be  understood  that  it  was  not  intended 
to  describe  in  minute  detail  each  part  of  the  Drop  Testing  Machine,  but 
merely  to  describe  a  machine  in  the  essential  parts,  leaving  it  optional 
with  the  manufacturer's  to  vary  in  minor  details,  if  found  desirable.  It 
may  be  pertinent  .to  explain  that  machines  similar  to  the  one  suggested 
in  the  following  report  have  been  used  for  a  number  of  years  in  testing 
axles  and  that  the  results  have  been  satisfactory.  A  machine  conform- 
ing to  the  requirements  set  forth  herein  has  been  constructed  at  the 
works  of  the  Maryland  Steel  Company,  at  Sparrows  Point,  and  satis- 
factory tests  have  been  witnessed  by  Mr.  D.  D.  Carothers,  Chairman, 
and  by  Mr.  Chas.  S.  Churchill,  member  of  the  Committee.  A  diagram 
showing  graphically  the  relation  between  results  of  tests  as  between 
the  old  and  new  methods  furnished  by  Mr.  Thos.  H.  Johnson,  member 
of  the   Committee,   is  attached. 

Up  to  the  present  time,  no  rail  mill  has  been  equipped  with  a 
drop  testing  machine  for  testing  rails  that  was  built  on  thoroughly 
scientific  principles,  owing  to  the  lack  of  proper  foundations  or  proper 
anvil,  as  well  as  many  other  essential  details.  Further,  no  two  rail 
mills  had  machines  built  on  even  comparatively  the  same  lines.  Con- 
sequently the  results  obtained  from  testing  rails  in  the  drop  testing 
machines  of  any  two  mills  were  not  comparable,  nor  were  they  even 
correct. 

The  Manufacturers'  Committee,  recognizing  these  defects,  prepared 
specifications  and  plans  of  a  proposed  standard  drop  testing  machine 
that  will  give  satisfactory  and  comparable  results,  and  the  Rail  Com- 
mittee of  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association  has,  with  certain  small  modifications  and  additions,  ap- 
proved these  plans  and  specifications  and  now  recommend  them  for  the 
approval    of  the   Association. 

Referring  to  the  plans  and  specifications,  the  following  is  offered 
by   way  of  explanation : 
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(a)  The  object  of  introducing  the  springs  under  the  anvil  is  to 
create  a  uniform  standard  of  resistance,  which  will  be  the  same  in 
all  the  machines  in  use  at  all  mills. 

(b)  Experiments  made  show  that  the  deflections  obtained  at  dif- 
ferent heights  of  drop  with  the  new  standard  machine,  with  its  heavj 
anvil  on  springs,  are  greater  than  those  obtained  on  one  of  the  old 
style   machines   with   a    light   anvil   not   on   springs. 

(c)  The  same  experiments  show  that  the  results  on  the  new 
machines  have  a  high  degree  of  uniformity,  which  is  lacking  in  the 
results   of   the   old   machine. 

(d)  Experience  for  a  number  of  years  with  similar  machines 
in  testing  axles  confirm  us  in  the  wisdom  of  using  the  standard 
springs  as  specified. 

The  Committee  has  not  heard  of  any  argument  whatsoever  against 
approving  such  a  standard  Drop  Testing  Machine  to  be  used  by  all 
mills  in  testing  rails.  The  extent  to  which  such  a  drop  testing  ma- 
chine will  hereafter  be  used  will  depend  upon  the  requirements  of  the 
Rail   Specifications ;  but  a  standard  machine   is  the  first  essential. 

The  resolution  accompanying  the  specifications  (see  Bulletin  102) 
is  as   follows : 

"Resolved,  That  a  copy  of  the  report  of  Sub-Committee  No.  A,  on 
Drop  Testing  Machine,  be  sent  to  the  Secretary  of  the  American  Rail- 
way Engineering  and  (Maintenance  of  Way  Association,  with  request 
that  the  matter  be  presented  to  the  Board  of  Direction  with  request 
that  the  same  be  acted  upon  promptly  and  placed  before  the  Associa- 
tion in  proper  form  by  letter-ballot  for  approval,  after  which  it  is  to  be 
referred   to   the   American   Railway  Association   for   approval." 

The  result  of  the  letter-ballot  to  November  5,  1908,  is  as  follows : 

For  Drop  Testing  Machine  Specifications 274 

Against    I 

Blank   2 

Total     277 

Total  mileage  in  favor  of  Drop  Testing  Machine 195,322 

RECOM  MENDATIONS. 

The  Committee  offers  the  following  resolutions  for  your  approval : 
"Resolved,   That   the   specifications  and  plan   for   Drop   Testing   Ma- 
chine submitted  tc  the  Association   for  letter-ballot    (see    Bulletin    102) 
be  approved  as  standard. 

"Resolved,  That  the  specifications  and  plan  for  Drop  Testing  Ma- 
chine be  added  to  the  Manual  of  Recommended  Practice." 
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USE  OF  OPEN-HEARTH  STEEL  RAILS  AND  THEIR  CHEM- 
ICAL COMPOSITION. 
Referring  to  the  second  instruction,  we  can  only  report  that  we 
have  the  matter  in  mind.  Owing  to  the  financial  conditions  existing  dur- 
ing the  past  year,  very  little  rail  has  been  bought  by  the  railroads  of  the 
country.  The  Committee  will  secure  statistics  in  the  future  for  rails 
of  special  manufacture  wherever  possible.  During  the  past  year  a 
number  of  roads  purchased  open-hearth  rail,  but  sufficient  time  has 
not  elapsed  for  the  Committee  to  secure  the  data  necessary  for  a  report. 

RECOMMENDED    CHANGES    IN    SPECIFICATIONS    FOR    BES- 
SEMER   STEEL    -RAILS     AS     HERETOFORE    ADOPTED 
BY   THE   ASSOCIATION. 

A  number  of  specifications  are  in  the  field  as  follows :  American 
Railway  Association,  American  Society  of  Civil  Engineers,  American 
Society  of  Testing  Materials,  the  Manufacluiers',  and  others  besides 
our  own.  In  view  of  the  fact  that  the  American  Railway  Association 
has  adoplcd  ;i  .specification  which  has  licen  referred  to  this  Association 
and  that  we  have  been  asked  to  observe  the  action  of  rails  rolled  under 
the  new  specifications,  it  will  be  some  time  before  definite  results  and 
recommendations  can  be  given.  Owing  to  the  condition  already  de- 
scribed, no  rails  have  been  rolled  according  to  the  American  Railway 
Association  specifications,  but  some  rails  have  been  rolled  to  the  new 
American   Railway  Association   sections. 

The  Committee  ofit'ers   the  following    resolutions   for  your  approval : 

'■Resolved,  That  the  specifications  for  Bessemer  Steel  Rail,  as  pre- 
sented in  the  Manual  of  Recommended  Practice,  be  allowed  to  remain 
in  the  Manual  as  now  printed. 

"Resolved,  That  the  following  ncte  be  added  to  the  specifications  in 
the  Manual:  (The  Committee  on  Rail  has  under  consideration  the 
matter    of    revised    specifications.)" 

Referring  to  Instruction  No.  4,  Present  Recoinmendations  as  to 
Standard  Rail  Sections;  Instruction  No.  5,  Present  Diagrams  or  Photo- 
graphs of  Typical  Characteristic  Rqil  Failures,  and  Instruction  No.  6, 
Joints,  we  can  only  report  progress  on  these  instructions.  We  have 
arranged  for  a  series  of  tests  at  the  Watertown  Arsenal  of  a  number 
of  types  of  rail  joints  from  which  we  expect  to  derive  some  valuable 
information. 

CANTED   RAIL. 

We  have  been  looking  into  the  matter  of  Canted  Rail  and  have 
reports  from  190  railways,  members  of  your  Association.  One  hundred 
and  seventy-four  roads  report  no  experience,  fourteen  roads  are  trying 
Canted  Rails  with  varying  success,  and  one  road  is  in  favor  of  the  plan. 
Three  roads  get  the  cant  in  the  tie  plates ;  the  others  adze  the  ties. 
One  road  has  recently  issued  instructions  for  track  laying  and  proposes 
to  cant  all  its  rail. 
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APPENDIX. 

We  submit  as  an  appendix  to  this  report  a  discussion  on  blanks  for 
reporting  rail  failures,  furnished  by  Mr.  John  D.  Isaacs,  a  member  of 
the  Committee,  in  which  he  outlines  the  method  followed  in  reporting 
and   studying  failed    rails   on    the   Harriman    Lines. 

CONCLUSIONS. 

The    following   conclusions    are    submitted    for   your    approval: 
(i)     That     the     complete     set    of     rail     statistic     blanks,     previously 
described  and  approved  by  letter-ballot,  be   used   by   the  members  of   the 
Association    for    reporting    and    compiling    information    relative    to    rail 
failures  and  rail  service. 

(2)  That  Form  2004-A,  Summary  of  Steel  Rail  Failures  for  Six 
Months,  Compared  with  the  Same  Period  of  Previous  Year ;  Form 
2004-D,  Position  in  Ingot  of  Steel  Rails  Which  Failed,  and  Form 
2005-D,  Record  of  Comparative  Wear  of  Special  Rail,  be  adopted  by 
the  Association  as  approved  forms  for  receiving  statistics  for  the  quan- 
titative  study   of   rail    failures. 

(3)  That  the  members  of  the  Association  furnish  the  Rail  Com- 
mittee with  reports  of  studies  of  individual  rail  failures  or  rail  service, 
from   time   to  time,  as   soon  as   such   studies   have  been   made. 

(4)  That  Form  M.  W.  2003-A,  heretofore  submitted,  be  adopted  as 
a  standard  form  of  the  Association  for  receiving  reports  of  the  Chem- 
ical Analysis  and   Physical  Tests  of  Individual  Rails. 

(5)  That  a  complete  report  of  the  study  of  an  individual  rail 
should  consist  of — 

(a)  Copy  of  the  Track  Foreman's  report  on  Form  M.  W.  2002-A, 

after  being  checked  by  an  engineer. 

(b)  Results    of    Chemical    Analysis    and    Physical    Test    on    Form 

M.  W.   2003-A. 

(c)  Photographs    cf   the    defect   or    fracture    and    micro-photographs 

of   the    interior   structure. 

(d)  A    complete    written   analysis    or   deduction    from    the    study   of 

the  above   information. 

(6)  That  the  forms  described  above  and  approved  by  your  Asso- 
ciation by  letter-ballot,  also  Form  2003-A,  be  added  to  the  Manual  of 
Recommended  Practice. 

(7)  That  the  specifications  and  plan  for  Drop  Testing  Machine,  here- 
tofore sulimittcd  to  the  .Association  by  letter-ballot,  be  adopted  as  stand- 
ard. 

C8)  That  the  specifications  and  plan  for  Drop  Testing  Machine  be 
added  to  the  Manual  of  Recommended   Practice. 

(g)  That  the  specifications  for  Bessemer  Steel  Rail,  as  presented 
in  the  Manual  of  Recommended  Practice,  be  allowed  to  remain  in  the 
Manual  as  now  printed. 
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(lo)  That  the  following  note  be  added  to  the  specifications  in  the 
Manual :  "The  Committee  on  Rail  has  under  consideration  the  matter 
of  revised  specifications." 

Respectfully   submitted, 

D.  D.   Carothers     (Director),   Chief  Engineer,   Baltimore   &   Ohio   Rail- 

road,   Baltimore,    Md.,    Chairman. 

R.  MoNTFORT,  Consulting  Engineer,  Louisville  &  Nashville  Railroad, 
Louisville,    Ky.,    Vice-Chairman. 

Robert  Trimble,  Chief  Engineer  Maintenance  of  Way,  Northwest  Sys- 
tem,   Pennsylvania    Lines    West,    Pittsburg,    Pa.,    Secretary. 

E.  B.  AsHBY,  Chief  Engineer,  Lehigh  Valley  Railroad,  New  York,  N.  Y. 
J.   A.   Atvvood,   Chief  Engineer,   Pittsburg  &   Lake    Erie   Railroad,    Pitts- 
burg,  Pa. 

A.  S.  Baldwin,  Chief  Engineer,  Illinois   Central  Railroad,  Chicago,  111. 
J.  B.  Berry,  Chief  Engineer,  Chicago,   Rock  Island   &   Pacific   Railway, 

Chicago,  111. 
Chas.    S.   Churchill    {Director),   Chief   Engineer,   Norfolk   &   Western 

Railway,    Roanoke,   Va. 
W.    C.    CusHiNG     {Director),    Chief    Engineer    Maintenance    of    Way, 

Southwest  System,   Pennsylvania  Lines  West,  Pittsburg,   Pa. 

F.  A.   Delano,   President,  Wabash  Railroad,  Chicago,   III. 

Dr.  p.  H.  Dudley,  Rail  Expert,  New  York  Central  Lines,  New  York, 
N.  Y. 

C.  H.  EwiNG,   Engineer   Maintenance   of  Way,   Philadelphia   &  Reading 

Railway,   Reading,    Pa. 
J.  F.  Hinckley,  Chief  Engineer,  Frisco  Railway  System,  St.  Louis,  Mo. 
John  D.    Isaacs,  Consulting   Engineer,   Harriman   Lines,   Chicago,    111. 
Thos.    H.    Johnson,    Consulting    Engineer,    Pennsylvania    Lines    West, 

Pittsburg,  Pa. 
Howard    G.    Kelley     {Past-President),    Chief    Engineer,    Grand    Trunk 

Railway  System,  Montreal,  Canada. 
J.  W.  Kendrick,  Second  Vice-President,  Atchison,  Topeka  &  Santa   Fe 

Railway,   Chicago,   111. 
George    W.    Kittredge     {Past-President),    Chief    Engineer,    New    York 

Central   &   Hudson   River  Railroad,   New  York,   N.   Y. 

D.  W.  LuM,  Chief  Engineer  Maintenance  of  Way  and  Structures, 
Southern    Railway,   Washington,   D.    C. 

Jos.   T.   Richards,    Chief    Engineer    Maintenance    of   Way,    Pennsylvania 

Railroad,  Philadelphia,  Pa. 
J.   P.   Snow    {First   Vice-President).   Bridge    Engineer.    Boston   &   Maine 

Railroad.  Boston.  Mass  Committee. 


Appendix   A. 

METHOD  OF  REPORTING  AND  STUDYING  FAILED  RAILS  ON 
HARRIMAN  LINES. 

October  s,  1908. 
To  the  Chairman  and  Members  of  the  Committee  on  Rail,  American  Rail- 
way Engineering  and  Maintenance  of  Way  Association: 

Gentlemen : 

The  purpose  of  this  paper  is  to  outline  the  method  followed  in 
reporting  on  and  studying  failed  rails  on  the  Harriman  Lines.  The 
practice  on  the  various  portions  of  these  Lines  varies  slightly,  but  in 
general  may  be  summarized  as  follows : 

There  are  but  two  forms  in  use : 

(i)  The  Section  Foreman's  Form,  No.  2658,  attached.  This  is 
used  as  follows :  When  a  broken  or  failed  rail  is  found  the  Section 
Foreman  fills  out  this  form  and  forwards  it  so  filled  out  to  the  Road- 
master;  the  Roadmaster  certifies  to  this  report,  makes  a  press  copy  of 
it,  and  sends  it  to  the  Division  Engineer,  who  in  turn  takes  his  record 
therefrom  and  transmits  the  form  to  the  Division  Superintendent.  At 
the  same  time  that  the  Section  Foreman  makes  out  his  report,  all 
broken  or  failed  rails  when  removed  from  the  track  are  marked  with 
white  paint,  showing  from  which  section  taken,  the  location  by  mile 
post  or  station  and  plus,  also  weight  and  brand  of  rail.  All  broken  and 
failed  rails  and  the  pieces  thereof  are  sent  to  some  Division  Terminal, 
the  Division  Terminals  being  selected  as  the  most  central  and  convenient 
for  inspection  and  taking  samples.  The  Roadmaster,  or  other  engineer, 
whose  business  it  is  to  inspect  these  rails,  is  furnished  with  a  copy  of 
the  Superintendent's  report  of  broken  or  failed  rails,  hereafter  referred 
to,  in  order  that  these  rails  may  be  identified  and  properly  reinspected 
by  him,  and  such  corrections  made  in  the  Foreman's  report  as  may  be 
necessary.  Borings  are  made  from  at  least  10  per  cent,  of  broken  rails 
in  accordance  with  footnote  on  Form  2736;  these  borings,  properly 
marked,  are  sent  to  the  General  Ofiicer  in  charge  of  maintenance,  who 
transmits  them  to  the  Engineer  of  Tests,  through  the  Superintendent  of 
Motive  Power. 

(2)  The  Foreman's  reports,  Form  2658,  are  held  in  the  Division 
Superintendents'  offices  until  the  end  of  the  month,  when  a  general 
report  is  made  by  the  Division  Superintendent  on  Form  2736,  embody- 
ing all  the  information  on  Foremen's  reports,  Form  2658.  The  Division 
Superintendent's  report  includes  all  the  information  in  columns  i  to  15 
inclusive;  also  in  columns  18  and  21.  The  Division  Superintendent's 
report,  so  made  out,  is  transmitted  to  the  Chief  Engineer,  or  other 
General  Officer  in  charge  of  maintenance,  in  whose  office  columns  16  and 
17  and   19  and  20  are  filled  out.     The  Engineer  of  Tests,  through  the 
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Superintendent  of  Motive  Power,  sends  to  the  Chief  Engineer,  as  above, 
the  information  necessary  to  fill  out  columns  19  and  20. 

(3)  The  Chief  Engineer's  report,  Form  2736,  so  completed,  is  for- 
warded either  directly  to  the  General  Manager,  or  through  the  General 
Superintendent  to  the  General  Manager,  and  thence  to  the  office  of  the 
Consulting   Engineer. 

These  reports,  which  will  in  the  future  be  slightly  modified  so  as 
to  include  a  statement  as  to  whether  broken  rail  was  on  the  inside  or 
outside  of  curve,  and  from  what  portion  of  ingot  rolled,  seem  to  include 
all  the  information  necessary  or  desirable  to  be  given  in  regard  to  the 
facts  connected  with  broken  or  failed  rails  from  the  time  they  are  dis- 
covered in  the  track  until  a  complete  report  is  filed. 

Upon  receipt  of  this  information  the  Consulting  Engineer  makes  a 
monthly  report  to  the  Director  of  Maintenance  and  Operation,  consisting 
of  two  parts:  First,  a  statement  of  broken  and  failed  rails,  giving  the 
railroad,  the  number  of  failed  rails,  and  the  number  of  failures  per  100 
miles  of  track,  the  percentage  of  failures  of  each  weight  due  to  defects, 
and  the  percentage  of  failures  of  all  weights  due  to  defects;  the  second 
part  is  the  same  information  segregated  as  to  the  name  of  the  manu- 
facturer or  rolling  mill  in  which  these  rails  are  made.  The  accompany- 
ing sheets  are  actual  reports  for  the  month  of  June,  1908,  with  the 
names  of  railroads  and  those  of  the  manufacturers  indicated  by   letter. 

For  the  year  1907  all  these  monthly  reports  have  been  collected, 
tabulated,  and  put  into  the  form  of  charts  bound  together  with  a  state- 
ment of  conclusions  for  convenient  reference  and  study. 

Hereafter  this  information  will  be  collected  at  intervals  of  six 
months  instead  of  annually,  and  the  charts  made  out  not  only  for  the 
individual  half  years  but  also  annually  for  all  preceding  years  back  to 
and  including  1907. 

It  seems  to  us  that  this  is  the  best  method  so  far  presented  for 
generalizing  upon  the   information  received. 

From  the  diagrams  and  facts  presented,  our  principal  troubles  as 
regards  failed  rails  appear  to  be  as  follows : 

(i)     Cold  weather. 

(2)  Ninety-pound  section. 

(3)  Newly  laid  rails. 

(4)  Balls  and  flanges  of  90-lb. ;  ball  of  75  and  8o-lb. 

(5)  Excess  of  phosphorus. 

(6)  90-lb.  manufactured  by  "A"  Steel  Company ;  75-lb.  by  "D"  and 
"E"  Companies. 

Special   attention   is   called   to  the   fact   that   the   number  of   failures 
of  the  90-lb.  section  per  100  miles  of  track  is  much  greater  than  the  75 
and  80  under  the  same  tonnage,  and  that  T]  per  cent,  of  the  failed  rails 
which  were  analyzed  contained  phosphorus  in  excess  of  .085. 
Respectfully  submitted, 

(Signed)     JOHN  D.  ISAACS. 
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Form  2658. 
FOREMAN'S   REPORT    OF   BROKEN    OR   *FAILED   RAILS. 

Division. 

190. . 

District  on  Sec.  No 

Between  Mile   Post and 

Discovered   IQO-  • 

at o'clock M. 

By 

I.     Brand  in  full 


2.  Weight  of  rail  per   yard 

3.  Whole  length  of  rail 

4.  Lengths  of  pieces   

5.  Were  pieces  in  or  out  of  place  ? 

6.  Was  rail  battered  at  break  ? 

7.  Was  break   on  or  between   ties? 

8.  What  train  broke  rail  ? 

9.  What  accident  resulted  from  break  ? 

10.  Cause  of  removal   (if  broken  rail,  supposed  cause  of  breaking) 


11.  Suspended  or  supported  joint 

12.  Anglebar,  fishplate  or  continuous  joint.... 

13.  Was  rail  battered,  or  split,  at  joint? 

14.  Was  rail  near  station  or  stopping  point?. 

15.  North  or   South   rail? 

16.  On  curve  or  tangent  ? 

17.  Was  rail  well  surfaced  and  lined? 

18.  Was  rail  full  spiked? 

19.  Kind  and  condition  of  ties 

20.  Kind  and  condition  of  ballast 

Remarks 


.Roadmaster. 
. .  .Foreman. 


Note. — *Failed  Rail  is  any  rail  removed  for  cause  from  main  track 
within  five  years  of  time  it  was  laid  or  branded. 

Fill  out  above  form  in  copying  ink,  fold  lengthwise,  and  forward  by 
first  train  to  Roadmaster. 

Roadmasters,  please  take  impression  for  your  record,  endorse,  and 
forward  this  report  to  Superintendent  of  your  division. 
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STATEMENT. 

BROKEN  OR  FAILED  RAILS,  MONTH  OF  JUNE,  1908. 


Railroad. 

Defective. 

Other  Causes. 

Number  of  Failures 
per  100  miles  Track. 

75  1b. 

80  1b. 

90  1b. 

75  1b. 

80  1b. 

90  1b. 

75  lb.    80  lb. 

90  1b. 

V 

W 

1 

8 

20 

19 
2 

2 

0.40 

2.78 
0.26 
0  48 

3.77 

X 

1 
33 

2 
5 
5 

0  21 

Y 
Z 

2 
14 

3 

7 

0.36 
3.80 

0.76 
0.85 

All  Lines 

35          20 

20 

16 

31            2 

1 

1.82 

1.10 

2.71 

Percentage  of  failures  due  to  defects,  69  per  cent,  40  per  cent,  91  per  cent. 
Percentage  of  failures  of  all  weights  due  to  defects,  60  per  cent. 


BROKEN  RAILS  ON  ALL  LINES  OF  DIFFERENT  MANUFACTURE.  JUNE,  1908. 


Name 

75  lb. 

80  lb. 

90  lb. 

of 

Manufacturer. 

Miles. 

No. 
Brk. 

Per 
100  m. 

Miles. 

No. 
Brk. 

Per 
100  m. 

Miles. 

No. 
Brk. 

Peri 
100  m. 

A 
B 
C 
D 
E 

1909.5 
320.2 
260.6 
[76.5 
L45.3 
E6.1 
179.1 

44 
0 
1 
4 
1 
0 
0 

2.3 

0.4 
5.2 
2.2 

1321 .4 

1351.2 

1057.8 

120.9 

15 

12 

18 

0 

1.1 
0.9 

1.7 

323.8 

267.2 

131.5 

15.8 

0 

7 
1 
0 

2.6 
0.7 

F 
G 

303.5 

22.5 

417.75 

2 
0 
2 

0.7 

55.8 

0 

H 

0.5 

FAILURES  ON  ALL  LINES— YEAR  1907. 


Life. 

Failures  per  100  Miles  for  Certain  Life. 

75  1b. 

80  lb.  r--^ 

»  90  lb. 

Less  than  6  months 

Less  than  1   year 

Less  than  2  years 

Less  than  3  years 

Less  than  4  years 

Less  than  5  years 

Less  than  10  years 

Over  10  years 

4.40    i.;j, 
5.74   -^ 

6:61  :ff 

6.94       ■^' 

7.15                  ;. 

7.56   'sa.v 
17.18  11' 

22.13  u; 

.10 

'■"■|.;;  -43 

^  k  6.11 
"    [10.76 

116.80 
v^l  20.26 
''"    25.24 

t 25.26 

L 10.73            . 
61.91    1 
80.94  J 
88.90 

I:!. ::! 

L- '  -^  ••' 
r Li 
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D/AGHA\f  No   / 

J6 

1 

5 

/ 

3Z 

30 

■07 

1 

^     u 

1 

\ 

^  « 

1 

ii 

j 

I 

1" 

1 " 

/ 

/ 

U. 

/ 

/ 

\ 

10 

^  " 

I 

l» 
It 

14 
12 
10 

a 

« 

1 

1 

V 

j 

1 : 
i: 

\. 

\ 

1 

\, 

1 

po>> 

\ 

1 

N 

■"--^ 

hf- 

.I5_lb_ 

---\" 

~-~,,^ 

->> 

^^ 

'tpp' 

-"' 

~-^^=> 

^>-'^ 

^>:r 

■^^'^ 

"  ^^ 

' 

N.         rtB.         MAf.      Ami..        mm:        juve.       jtiir.         Acs.        se^r        ocr           Nov.         oe 

C- 

rA/LUff£S  OA/  ALL    L/A/£S  DU/f/A/S  YSAR  /907. 

This    d/a(from    /s  comp//ec/  fo  J^otv  f/te  c/z^fr/buf-ion   of  fofa/  ra//   dreokoges 
for  aU  /ines  for  //ye  (/ear  /907  w///>  respec/  /o  //le  \/or,oLis    mon/As.     £XAA^PL£: Dio- 
qrem  shows  fhaf  for  fha  monffi  of  februort/  we  have  35  broi^en  Sold  raili   /or  each    ZOO 
miles  of  90  /6  secfioo  in  //>e  fracA;  4.7  broken  SO  /i  ro//s  per  /OO  rn//es  of  SO  /b  ro// 
in  Me   frock :  onef  2  /  broken    7S /b  ro//s  per  /OOmi/es  of  75 /b  roi/  in  frock 

CONCLUSIOf^fS-'   The  diagram   wou/d  ieem   fo  incficofe.   fhof   for  off  weighfs  af 
rai/,  anef  more  especia//g  for  f he   90  fb  Jecfion,   fhe   forgor  m  umber  of  breaks  foak 
p/oce    during  f/)e   co/cfer  monfAs    of  fhe  gear. 
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D/AGf?AM      A/O.    2. 
0       1       ?      3      ■*      s                                      lo             12                     IS                     18            lor/rs 

1 

^         -^                  7S 

^       C:           70 

g    5; 

^  1 

«~          v^                 JO 

/ 

es 
go 
7S 
70 
6S 

to 
ss 

so 
ts 

*0 

as 

,0 
ZS 
lO 
IS 
lO 

/ 

4 

1 

jojk^--^' 

____ 

/ 

•' 

^■'' 

_--' 

'"" 

/ 

.^j^"' 

T- 

J 

L  - 

-^ — 

This  ct/a^ 
Paring  the  yt 

£^XAMPL£: 

D/'aoram 
/OO  mi/es  of  i 
year.5  for  eoc 
/ess  than  tiro 

CofJCL  us  IONS 

The  Jioi^ran 
ivere  of  rai/s  /?, 
one  year  o/J,  i 

A  /ar^e  num 
broken  nere  be  ft 
fen  years  o/ct. 

This  tab/e  fa 
/neticates  f/ie  /ift 
at  a  conjiaerab 
of  80/b  broken 

/     z    3     ■*    s                          /o        /z               /s              /a        z 
LIFE  OF  PAILS, 
f^ai/ures    on  at/  L  tries  ctar/ng  year  t907. 

ram  shot\/s  the  //fe  of  7S,  30  anat  90/ii  rai/s  trh/ch  fai/ect  on  a// 
•ar  /907. 

shaivs  30.9  t>ro/cen  90 /b  rai/s  /astin^  /ejs  fhary  t^a  years,  far  ea 
10  ib  ra//  in  trac/c.  shotrs  6.1  t>ro/<en  301b.  ra/Zs  /ast/n^  /ess  t/7ar7 
-h  too  miles  of  801b.  roil  /n  frac/r;  an^t  66i>ro/<en  75tb  ra/ti  /a 
years  for  each  /OO  mi/es  of  7S/t>.  rail  in  trac/<. 

n  indicates  that  for  the  roil  brsa/rages  far  1907  the  majon/y  af  9/J/b  i'reo 
rs  t/ian  ofje  year  o/d;  stioivs  yery  fem  30  /b.  rai/  brea/(a^es  ofrai//ess 
i>t/t  shoirs  a  tari^er  number  of  SO/b.  iireaAa^es  bf lire  en  /tie  afes  of  one  and  fai> 
ber  of  brolrert  7i/b.  rai/s  ivere  /ess  /ban  sijr  mont/is  o/d      Very  feir  of  the  7S/l 
veen  one  and  fi\ie  years  o/d,  /he  ^rea/er  number  of  brea/rs  bein(f  of  rai/i  from  f 

ies  no  account  of  the  re/o/ior>  of  the  brea/raffes  to  the  number  afneir  ra/ts  ta/d,  iuti 
ofttie  brolfen  ra//s  durini;  /90  7        If  clearly  indicatei  that  t/ie  90 /b  rods  an 
/y  greater  rate  fhan  sdher  /he  SO  or7S/b.,  and  that  there  iras  a  area/ar  perci 

0 

tines 

ch 

ftvo 

sfin9 

^aaes 

ftian 

■r  years. 

rai/s 

re  to 

^/m^tr 

•/i^i/ing 

'nta^e 
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DiASff^M    A/o.  3. 


L/rz  or  Fails. 
ra//ures  on  a//  Lmfs  i^ur/'n^  year  /907. 

7S,  SO  on^/  90  /b.  ra/V.  /  y      / 

COA/CL  US/O/VS: 

D/o^ram  /nc//ca/as  //?o/  iv/'//)  a//  tvf/^h/s  of  ra//  //le  /rmaAa^e  /s  />/p/>  ai/r/htj  //>e  f/rsf- 
fn'O  years  of ///e,  firo/>oi/y  e^i/e  /o  a  yi'eei:///>o  oc/^  of  a'sfi-ch\'e  ro/'/s.    T^s  ra'^  fa//i/res 
aor/n^  fhs  f/rs/-y<Tar  /s  h/'^hes/  on  fhe  90,  nerf  on  //>/?  7S  and  /otves/-  on  fhe  80. 

7/)e  ra/e  offa/Zore  di/r/n^  //■<?  f/rj^  /yyo  years  /s  far  /he  /j/^/ies/-  on  /he  90,  nex/on//ie 
80  one/  /oives/  on  //le  7S.      ff^^ive'en  //><?  .seconc/  ana'  f/f7/)  year  af  //fe  /he  ra/e  of  fo//i/re 
ivos  yery  /oiv  for  /he  7S  an^  SO  /d.  ra//  />t//  tve  />aye  no  recoro/  c/fi  /o  //7e  presen/  //me 
of  //le  90  Jb.  r  f 

Table  3  /s  in/ene/ed  oi  o  sci/pp/emen/  /o  /a/>/e  2,  an^  //?e  /yya  /a/>/es  /a/^eo  /o^e/her  s/iatv 
decjc/ed/y  tho/  a  tveec/mf  oi// process  rap/d/y  /a^es  p/oce  tfhen  nerr  ra//s  are/t^/t/,  oi/e,  no  t/ac/i/  /o 
aefec/ive  ra//s;  anc/  /he  fac/  /s  a/so  /iroe//;/}/  ou/  //la/  /he  nerr  90/h  ra//s  are  prot^/no  /nfer/or 
under  /he  same  /roff/c  /o  //7e  netv  7Sana'  80 /d  ra//s 


FAILURES  PER  100  MILES  OF  75,  80  AND  90  LB.  RAILS  FOR  YEAR  1907. 


Life  of  Rails. 

75  lb.                          80  lb. 

90  1b. 

Years. 

No.  Per  100  miles,  i  No. 

Per  100  miles. 

No. 

Per  100  Miles. 

Less  than  1   year 

135          17.0'            21 
156          19.3            289 
178          20  5            940 

11  .0 
28.3 
25.0 

334 
469 

43  2 

Less  than  2  years 

Less  than  5  years 

60.7 

Miles  of  rail  laid  last  2  years.. .              797.58 
Miles  of  rail  laid  last  3  years.                 807  .09 
Miles  of  rail  laid  last  6  years.. .              868 .76 
Miels  in  track  Dec.  31,1 907. . .           2326 . 0 

192.86 
1020.80 
3773  .72 
3941 

e' 
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MILES  OF  RAILS  LAID  DURING  FOLLOWING  YEARS. 
ALL  LINES. 


Year. 

75  1b. 

80  1b. 

90  1b. 

1907 

1906 

1905 

1904 

1903 

1902 

467.75 

329.83 

9.51 

21.02 
12.69 
27.96 

3.08 
189.78 
827.94 
762.37 
1003.18 
987.37 

282.49 
492.36 

Total 

868.76 

3773.72 

774.85 

Miles  in  track  Dec. 
31. 1907 

2326 

3941 

756 

PER  CENT.  OF  FAILURES  Oi    VARIOUS  DESCRIPTIONS. 
ALL  LINES— YEAR  OF  1907. 


Description. 

75  1b. 

80  1b. 

90  1b. 

No. 

Per  Cent. 

No. 

Per  Cent. 

No. 

Per  Cent 

Unclassified 

Ball  Failures 

92 

295 
12 

113 
21 

17.2 
55.3 

2  .2 
21.2 

3.9 

498 

489 

66 

93 

66 

41.2 

40.4 

5.4 

7.7 
5.4 

190 

148 

146 

13 

22 

36.6 

28.5 

28.1 

2.5 

Web  Failures 

4.2 

Total 

533 

100 

1212 

100 

519 

100 
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DiASRAM  Ah  4 


tOXr 


iO% 


Osscripfion  o/  ^,/ures.  '^t'i*ff'fjf° 


Foi/ures  on  o//  L  ines  during  ijear  /907 

Thii  diO(fram  md/cafes  fhe  percenfogej  o/  ^oi/ures  of  ifor/ouj  idescr/pf/ons  for  fhe  7S,  80 
one/    30  /b.  roi/. 

EiXAMPLE:  Ba//  Fa, /u res.  S/>oivs  55.3%  of  fhe  foi/ures  for  ffie   7S  /f>  were  in  ff>e  t>o/f, 
404%  of  f/>e  fa, fares  of  f/>e  80 /^  ra,/  were  in  Me  bo/f^anaf  2S.5%  of  ff)e  fai/ores  of  ffte 
'do  fi>  roif  i^/ere.  ,n  f/ie  bo// 

COA/CLL/S/OA/S:  The  major,  ft/  of  ffie  unc/ass/Yiecf  Area  As  ore  sfafecf  as  dt/e  fo  de^xfi. 
f/otvs,  or  are  c/oss///ed  as  /rre^i/far  brea/rs  or  sflf/fs,  ffiere  b&in^  /ioff},ng  on  ff>e  reporfs 
io  sfyon  w/>of  parf  of  ffie  ro//  was  spf/f.  TAe  d/atpram  /nd,cofes  ffiof  ff)e  ix!//  /oJ/ures 
ore  fbe  mosf  ser/oi/s,  ^f/fj,c/7  ii  fo  /J6  expecfecf,  bc/f  /f  a/so  sfiotvs  ffjof  f/}e  percenf 
oge  of  t>o//  foi/ures  is  higfier  on  fhe  75  /t>  ro//  ffion  on  f/ie  SO.  on  a/  ba//  fo/fursi 
on  75  and  80  ore  bof/)  fjigher  than  ffie  boff  fa, /ores  on  fhe  $0  /6  rai/.  Th,s  wouh 
appear  fo  be  consisfenf  considering  fbe  s/zes  of  ro//  heads. 

f^LAN6E  FA IL tJf^F.S:  •Shows  a  much  greofer  percenfoge  of  f/onqe  Fc:ii/ures  on 
SO/b  roi/  ffion  on  e/fher  fhe  80  or  75,  wfj/ch  lA/ou/d  seem  fo  bear  ouf  ,f/?e  osserf- 
^,on  mode  fhof  fhe  f/onge  of  fhe  SO /b  ra//  is  one  of  fhe  lAjeoA  poinfs  in  /ha  hryer 
jecfion  o  bri/f/eness  being  produced  />i/  /he  ifa,cA    coof/ng  of  ff?e  fh/n  F/ong&. 

SQUARE.  Bff£AK5 ■    The  percenfoge  or  .sguare  breoAs  ,s  Fi,ghesf  on  fhe  75  /b  ro//, 
nexf  on  Me  SO  and  /eosf   on  fhe   90^  iAjh,ch    v^/ou/d  .seem  fo   />e  consisfenf^  75 
/b  ra//  of  course  be/ng  g   much  tveoAer  .sfrucfure   fhon   60  /b  and  /he  SO  be,'n^ 
weoAer  fhon   the  SO.       Diagrorrt   i'nd,cof9S    /-/to/    c-omporof/refi/   fifffe.    froui/e 
has  been  experienced  vji/f)   ffje   iveb   oF  any  seof/on. 
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D/A6ftAM      A/o4-A. 
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LASSIFIED              BALL                        FL«/*i£                       JOejAfrc                    ^^*^"',,                                    1 
ILUftLS                FAILUfies                  rAILUffCJ                        a>l£AJfJ                       FAIUU/iES 

Fa //ares  on  o//  L/nes  e^uri'rxf  c/eor-  /307 

This  diagram   is  mcjde  up  from  /he  same  /nformo//on  as   D/agram  4-.  excepf-  /ha/ 

each  class  o/  breoM  /s  c/ii'/e/ec/  i>t/  fhe  ryumi^er  o/  mi/es  o/  //lo/  lA/e/^/i/  o/  sec/ ion  In 

/he   /rach. 

£XA/VIPLE:  Ba//  F<o//vres.  We  hoc/   /96    90 /d.  i>o//  /al/ures  for  each  /OOm//es  of 

^0  lb  roil  in  /he  /racA;  124   30/i>.  i>a//  failures  for  each  ZOO  mi/es  ofao/b.roi/s  /n  /rec/i 

and  /Z  7    75 /b  i>oJ/  foi/ores   fof  eocfi  JOO  m//es   of  7S/b.roi/s  m  the  /racAt 

CO/SIC LU5/0/V5: 

Dioqram  shoui/j   /he  ball  failures  far  Me  30  lb.  rail  ore    consieferab/L/  higher 
/han  /or  the    75  and  30  lb  rail,  ivh/ch  are  a  boa/   /he  some.    Diagram  shoivs  ffon^e 

failuraj  for  30  lb.  ra/l  are   fen   f/mes  as  hi/gh  as  f/]e  f/ange  foJares  for  SO  lb. 

mil  oncf  for/y    f/mes   as    high  as   failures  for  7S  lb  ro/l,  which,  i^/ifh  af/ograni  l\lo4. 

se^m    /o  pom/  dec/dad II/   fo  a  t-r/Z/lanass    or  weakness  }n    /he    f/ange    of  50  lb.  roil. 

The  square   breaks  are  compurofii/elt/   loiv  for  a//  fhree  sec//ons,ol/houg,h  /hei/are 

highesh  on  /he   75  lb.  which   would  seem   /o  be  consis/enf,  as  fbe   75  Ib./s  o  vveofivr 

Sfruc/ure    /han    the   30  or  90  lb. 

The  web   failures    ore    comporof/^e/y   /atv  for  a//   f/>r«e   secf/ons  . 

The  unclassified  failures  are  very  high  on   /he    90/b. 

FAILURES  ON  ALL  LINES  DURING  YEAR  1907. 


75  1b. 

80  lb. 

90  1b. 

Description. 

No. 

Per  100  Miles. 

No. 

Per  100  Miles. 

No. 

Per  100  Miles. 

Unclassified 

Ball  Failures 

92 
295 

12 
113 

21 

4.0 
12.7 
0.5 
4.8 
0.9 

498 

489 

66 

93 

66 

12.6 

12.4 

1.7 

2.4 

1.7 

190 

148 

146 

13 

22 

25.2 
19.6 
19  3 

Square  Breaks 

1.7 
2.9 

Total 

533 

22.9 

1212 

30.9 

519 

68.7 

Miles  in  track  Dec.  31, 
1907 

2326 

3941 

756 
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OSsy.                  .100'/.                      .izoy.             o^erJZOy. 

Psrcenf-  of  Phosphorus. 

Fo'/ures  on  c3//  Lines  dur/h<y  //><?  year  /907. 

392  Bro/cen  Pai/  Ana/yses   ronsic/erecy 

Diagram   A^  S  jhotvs  fhe  Phosphorus   confer)^  for  a/i  tv^/fA^s  of  ra//  for  a// 

l>ro^'/sn  ra'/s  c3r?o/yze^  cyc/r/'n^  the  year  y907  for  a//  //hes- 

Conclusions: 

Ocif  of  392  broker}  rai/s  ano/yzed  bc/^  9/.  or  23 'f^.,  fo/fil/ed  fhe  reeycy/remert^s 

for  Phosphorus,  con/am/n^  /ess  /hary   .OSS  '^.  :   /97,  or  J 0  7.,  had  Phosphorus  /ess  yhorj 
./00%;    303,  or  77%,  con/i7//yea'  P/>osp/)oru5  /ess  /hon  ./ZO/.;  o/?d S9  fa//urss 

con/oir7ei^  P/josphorus   Oi'er  ./20/'. 

RAIL. 
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ALL  WEIGHTS  OF  RAIL  FAILURES  ON  ALL  LINES— YEAR  1907. 


Per  Cent.  Phosphorus. 

Number. 

Failures. 

Per  Cent. 

Not  exceeding  .085% 

91 

91 

23% 

Not  exceeding  .100% 

106 

197 

50% 

Not  exceeding  .120% 

106 

303 

77% 

Over  .120% 

89 

392 

100% 

FAILURES  ON  ALL  LINES— YEAR  1907. 


Per  Cent,  of  Phosphorus. 

75  lb. 

80  1b. 

90  1b. 

No. 

Per  Cent. 

No.       Percent. 

No. 

Per  Cent. 

Not  exceeding  .085% 

Not  exceeding  .100% 

Not  exceeding  .120% 

Over  .120% 

20 

25 

45 

25 

70 

33 

103 

19 
"'44 

"ek"" 

100 

40 

47 

87 

40 

127 

38 

165 

24 
■■53'' 

"77 

ioo"" 

26 

32 

58 

34 

92 

14 

106 

25 
■■55'" 

'ioo 

Total 

103 

165 

106 

BROKEN  RAILS  ON  ALL  LINES,  YEAR  1907.  OF  DIFFERENT  MANUFACTURE. 


75  1b. 

80  1b. 

901b. 

Miles. 

No. 
Brk. 

Per 
100. 

Miles. 

No. 
Brk. 

Per 

100. 

Miles. 

No. 
Brk. 

Per 
100. 

A 

1847. 
256.7 
154.1 
43.65 
45.33 
6.12 
41.01 
0. 

428 

12 

5 

18 

22 

0 

2 

0 

23.2 

4.7 

3.3 

41.3 

48.5 

4.9 

1312. 
1330. 
1112. 
120.9 

0. 

300.9 

77.8 

423.7 

550 

293 

245 

9 

2 

29 

2 

16 

42.0 

22.0 

22.0 

7.5 

9.7 
2.6 
3.8 

337.5 
278.6 
115.4 

8.00 

0. 
55.8 

0. 

0. 

343 
105 
3 
0 
0 
3 
0 
0 

102. 

B 

37.3 

C 

2.6 

D 

E 

F 

5.4 

G 

H 
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D/AG>?AA^     ^O.   6. 


.aas%  o.iooy.  jzo-/. 

Percenf  of  Phosphorus. 
fai/i/fes  on  a// Lines  c^unn^  year  /907. 

t03  fai/ures   7S/b.  Poi/  Ano/ysfs  Consie/eree/ 
/6S       -         30-      - 
/06         -         90-       ■ 

Diagram  fJo.  ff  is  fhe  some  as  Diai^ram  A/o.  5  eAcep/  /haf  /he  ire/^hfj  o/  ro//j 
are  se^re^a/ec/. 

O/  /i?3,  7S/t>  Aroi-en  rai/s  ono/yzee/,  J>u/  ^tP,  or  /9y.,  canha/neo'  hhe  reiyi/irea' amavnf 
or  /ess  of  Phosphorus  f.  OSS%).     (?r  hhe  /6S,  80/i>.  hroAen  ra/'/s  aoa/yzs'c^,  Ao/  4C.  or 
24%.  fe//  iv/hhin  /he  Phosphorus  //m//s  re^^u/re^.     0/ /he  /06,  90 /i>  i^ro/ren  rai/s 
ona/yzeo/,  boh  26.  or  2S7,  /e//  y^i/hm  /he  reo'^'rea^  //mi/s  of  Phosphorus. 

Diagram  A/os.  S  ana^  iS  consn^erei^  /o^e/her  sh^kv  /ho/  /he  Phosp/iorus  con/en/ 
/n  /he  mayorify  of  rai/s  /s  excess /ve.      3ii/  //  a'oes  no/  shoiv  /he  P/7osp/!orus 
cor?/er?/  /nuch    more  e^cessi\re   for  any  parh/ca/ar  sifo//on        l^e  mJ/ph/  infer 
from  /h/s  hho/  excessi^^e   Phosphorus  may  no/  he  /he  e'/p/ar>a//o/}  of  /he 
greo/er  number  of  hrea/ra^es  /n  /he  90  /h  ra// 
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39  J. 


DiAeRAfy^  No  6. 


NAME  OF  ftf4/i/U/yi>CTU/!'£/? 
Fo//ures   on  a//  Lines  t^unnq  i^eor  1907. 
A/o^e:  "l\/one~  /ndicofes'No  oflpreciob/s  omocin/  o^  M/j  \\e'gh^  arr^  /voAe  /n  ^roc^ . 
This  d/ogrt3m  is  infended  fo  jhow  the  number-  of  breoMs  per  /OO  mi/es  o/  75,  80 
onid   90  /i  rai/  segrei^afed  as  /o   Me    <differe.n/  monoi^ocfu'-ers. 
CONCLUSIONS:  ,  ,  ^    ^^ 

Too    much   dependence  ccinnof  be  placed  upon  rh/s  diagram  owing  to  tht 
w/de   var/ofion    in    mileooe    o/  Ihe   different  moMes,  in  mosf   cases   ffie   lorqar 
number  of  brecihi  per  /OO  mi/es   occurring   in  fhe  weigfyf  and mofre  wbere  Me 
mileage  IS  fhe   largest.    5evenfc/-five  pound  ra/fs    from    /vfanu facturer  D  anef 
E'JhoM   a  high  percenfoge   of  breafis,  buf  tve  Aai/e   on/y  4-3  miles   of  O"  75 lb.  ,. 
rails  and  45  miles    of  C"  75  lb-  roils    in    fhe   track  ai  against  /S47  miles  o/JS/bA 

Of  fhe    90  lb  rail  webatis3375miles   of  "A",  173  6  miles  of'B':oncf/f54miles   of 
'C  So   fhof  ffiese.  moi/  b&   i/eriy  well  compared.    Diagram   .shoMS   ffiof  cfunng 
the  i^ear  1907   yve  had  lOZ    breofis    per    lOO  mi/es    of  "A' rail,    37 of  '8',  ortd i»jf 
2.  6  of  "C'i     The  probable  en  plana  f  ion    for  the    low    breohotpe     of   fhe'C'  ij  no 
doubf    due    to   fhe    fact    thai   fhe   majontu    of   fhis   rail  lA/as    la  icy  in   fhe 
letter  parf   of   fhe  year  I907  oncf   hoai  t/ery  litfle   usage    e/uring  fhe  gear. 
The    fact    that   these  SO  lb  roilj   from  'C were    Open  htearfh  Jfeef  while  fhase 
from  A    and  "B"  were  Bessemer  Stee.1  mac/  hai/e   some    bGonnt^  m  fhis  maffer, 
buf  fhe   roi/s  hoi/e  been    in  seri/ice  foo    shorf  a  f/me   fo  draw  ant/  cfefinife 
conclusions , 
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D/A  s  ffA  r 


^     i 


if: 


po_l^. 


f^ai/unes  on  o//  Lines  e/unng  c/eor  /907 

This  diogrom  is  compt/ec/  /o  shotv  Me  ro/-e    o/  fa//ure    o/  ^he  r-o/Vs    os 
regards  Me  /-onnoge   tvh/ch  hos  posjec/  oi/er  fhem 
CONCLUSIONS:- 

If  fhe  rails  were  achng  proper/u-  f^hof  is,  were  uveormg  ou^,   fhe  ra/^e  of  breoA- 
oyes    shou/eJ  increase   ii<Jifh  fhe  ronnoge ,  tx-if   ffie  facfs  shonv  f-hof  fh/s  is  nof 
fhe    cose .     Tfie    ma/oril-t^  of  fai/ed  rai/s   for    75,  dO  one/  90  /b.  roi/  hoi/e  foi/ec/ 
before    300.000,000    fans    hove    passed    over   f/iem,  ancJ   be^nveen  SOO  OOOOOO 
and   2,500,000,000  /-he    rafe    of  breafioge  hos    c/ecreosec/     This    would  seern 
to   indicofe    fhof    fhe   new  rai/s  ore   defec/ive .  Wi/h    /he    some    /<?nnoge    in 
ei/her  cose   /he   ro/e    of  failure    of  /he    90  /b  roi/  is   muchi   higher  /ban 
/he  ro/e   o/  failure    o/  /he    BO  lb  roi/,  and  /he  ro/e  of  failure    of  /f>e  SO  lb  roi/ 
IS  higher   t/yon    /he   ra/e    of  foi/ure    of  /he    75  /b  roi/ ,  which   seems  fa  s/yo^v 
/bo/   /he  7S /b  roi/  is    sfanc/ing    up  be/fer  under  /ra/f'C  fhion   /he  SO,  oncf 
more  especio/Zi^  ihon   /he  90/b. 


FAILURES  ON  ALL  LINES  DURING  YEAR  1907  FOR  GIVEN  TONNAGE. 


Tonnage  in  1,000,000  Ton 

75  lb. 

80  1b. 

90  1b 

Units. 

No. 

54 
74 
9 
5 
3 
9 
5 

Total. 

Per 
100  M. 

No. 

Total. 

Per 
100  M. 

No. 

Total. 

Per 

100  M. 

Less  than  100 

54 
128 
137 
142 
145 
154 
159 

2.3 
5.5 
5.9 
6.1 
6.3 
6.6 
6.9 

266 
93 
20 
55 
22 
8 
16 

266 
359 
379 
435 
457 
465 
481 

6.8 
9.1 
9.6 
11.0 
11.6 
11.8 
12.2 

197 

67 

2 

26 

16 

5 

0 

197 
264 
266 
292 
308 
313 
313 

26.1 

100-300 

34.9 

300-500 

600-1000 

35.2 
38.6 

1000-1500 

40.8 

1500-2000 

41.4 

2000-2500 

41.4 

Mileage  Dec.  31,,  1907. 

2326 

3941 

756 

DISCUSSION. 

Mr.  Chas.  S.  Churchill  (Xorfolk  &  Western)  :— The  work  assigned 
to  this  Committee  is  outlined  briefly  in  Bulletin  102  under  six  heads.  In 
tarrying  out  these  instructions  there  were  three  sub-committees  appointed, 
with  Messrs.  Atwood,  Berry  and  Cushing  as  chairmen.  The  progress 
of  the  work  under  these  six  heads  has  been  as  rapid  as  possible,  consid- 
ering the  difficulties  that  confronted  the  Committee.  These  difficulties, 
briefly,  are  that  no  systematic  method  was  being  followed  by  -different 
railroad  companies  in  reporting  breakage  of  rail,  no  uniform  method  was 
followed  by  different  railroads  in  common,  at  least,  in  keeping  record  of 
rails  in  the  track  and  the  service  given  by  rails.  Railroads  would  report 
they  had  a  rail  in  the  track  so  many  years.  Such  statements  were  value- 
less unless  we  knew  how  much  traffic  the  rail  had  carried.  Going  back 
to  the  beginning  of  the  history  of  the  rail,  we  had  no  record  of  what 
part  of  the  ingot  the  rail  was  taken  from,  we  had  no  record  as  to  what 
kind  of  a  drop  test  had  been  made  at  the  mills,  and  going  back  to  the 
mills,  when  we  found  that  some  roads  had  a  record  of  the  drop  test, 
then  it  developed  that  the  drop  testing  machines  themselves  at  the 
various  mills  varied  so  much  in  their  construction  that  no  accurate 
comparisons  could  be  secured ;  so  the  result  of  our  work  has  been,  first, 
to  adopt  a  series  of  forms  on  which  to  make  reports  of  the  records  of 
rails  from  the  very  beginning  and  a  uniform  drop  testing  machine  to 
be  used  at  all  mills.  The  drop  testing  machine  has  been  described  in 
detail  in  Bulletin  102,  and  has  been  voted  on  affirmatively  by  the  Asso- 
ciation. Nevertheless,  the  Committee  bring  it  before  you  for  reaffirma- 
tion, so  that  it  may  appear  in  the  Manual.  The  blanks  have  also  hereto- 
fore been  presented  by  letter-ballot  to  the  members  of  the  Association, 
and  have  been  approved,  and  these  are  brought  before  the  Association 
for  reaffirmation,  and  for  placing  in  the  Manual,  so  that  the  work  of 
this  Committee  is  all  summarized  and  brought  to  a  focus  in  Bulletin  106 
under  the  head  of  conclusions,  and  these  conclusions,  as  said  before, 
many  of  them,  have  already  been  acted  upon  and  we  want  a  reaffirmation 
of  them  in  order  that  they  may  appear  in  the  Manual. 

The  President: — The  Secretary  will  read  the  conclusions,  and  the 
chair  will  rule  that  in  the  absence  of  objections  the  conclusions  will  stand 
approved. 

The  Secretary: — "(i)  That  the  complete  set  of  rail  statistic  blanks, 
previously  described  and  approved  by  letter-ballot,  be  used  by  the  mem- 
bers of  the  Association  for  reporting  and  compiling  information  relative 
to  rail  failures  and  rail  service. 

"(2)  That  Form  2004-A,  Summary  of  Steel  Rail  Failures  for  Six 
Months,  Compared  with  the  Same  Period  of  Previous  Year;  Form  2004-D, 
Position  in  Ingot  of  Steel  Rails  Which  Failed,  and  Form  2005-D.  Record 
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of  Comparative  Wear  of  Special  Rail,  be  adopted  by  ibe  Association  as 
approved  forms  for  receiving  statistics  for  the  quantitative  study  of  rail 
failures. 

"(3)  That  the  members  of  the  Association  furnish  the  Rail  Com- 
mittee with  reports  of  studies  of  individual  rail  failures  or  rail  service, 
from  time  to  time,  as  soon  as  such  studies  have  been  made. 

"(4)  That  Form  M.  W.  2003-A,  heretofore  submitted,  be  adopted 
as  a  standard  form  of  the  Association  for  receiving  reports  of  the  Chem- 
ical Analysis  and  Physical  Tests  of  Individual  Rails. 

"(5)  That  a  complete  report  of  the  study  of  an  indivitlual  rail 
should  consist  of — 

"(a)     Copy  of  the  Track  Foreman's  report  on  Form  M.   W.  2C02-A, 
after  being  checked  by  an  engineer. 

"(b)     Results    of    Chemical    Analysis    and    Physical    Test    on    Form 
M.  W.  2003-A. 

"(c)      Photographs  of  the   defect  or   fracture   and   micro-photographs 
of  the  interior  structure. 

"(d)     A   complete   written   analysis   or  dLcluction    from    the   study   of 
the  above  information." 

Mr.  C.  E.  Lindsay  (New  York  Central  &  Hudson  River  Railroad)  : — 
We  have  in  use  on  the  New  York  Central  Lines  the  Track  Foreman's 
report  Form  M.  W.  2002-A,  and  in  practice  we  found  it  would  be  desir- 
able to  have  the  gage  side  of  the  rail  indicated  in  some  way,  so  that  the 
defect  in  the  rail  could  be  referred  to  in  its  relation  to  the  gage  side. 
In  some  cases  you  cannot  tell  which  is  the  gage  side  of  the  rail,  from  the 
picture  or  from  the  description  in  the  report. 

Mr.  Churchill: — The  Committee  will  take  note  of  that  and  see  if  it 
can  be  introduced  later  on. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  :— I 
wish  to  refer  to  paragraph  (d)  in  conclusion  5,  as  to  what  constitutes 
a  complete  report.  As  I  understand  it,  the  different  railroads  are  asked 
to  transmit  to  the  Committee  interesting  features  of  cases  of  rail  failure. 
It  is  not  within  the  power  of  a  good  many  railroads  to  furnish  the  in- 
formation that  is  called  for  here.  For  instance,  there  are  quite  a  number 
of  roads  that  do  not  maintain  a  laboratory  for  the  purpose  of  making 
chemical  analyses,  nor  have  they  the  facilities  or  money  to  spare  for  the 
purpose  of  having"  photographs  made  of  broken  rails,  etc.  Am  I  to  un- 
derstand that  the  Committee  does  not  want  any  report  except  those  that 
are  complete  as  defined  in  this  conclusion? 

Mr.  Churchill : — The  Committee  desires  that  reports  be  made  as  fully 
as  the  conclusions  specify,  but  where  railroads  are  not  equipped  to  fur- 
nish the  report  in  such  detail,  they  should  say  so.  We  want  all  the 
available  information  that  can  be  furnished,  and  desire  to  have  it  as 
complete  as  possible  to  cover  all  questions  that  may  arise. 

Mr.  McDonald : — The  conclusion  as  it  stands  throws  cold  water  on 
many  lines.  The  information  which  the  Committee  will  receive  will 
probably    be    confined    to    those    lines    having    sufficient    organization    to 
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supply  the  information  described,  unless  you  modify  that  conclusion  in 
some  way. 

Mr.  Churchill : — While  it  is  desirable  that  all  that  information  be 
given,  the  report  should  be  as  complete  as  possible  from  every  road  as 
far  as  that  road  is  able  to  furnish  the  information.  When  the  foremen's 
report  is  complete  and  the  record  of  the  rail  is  furnished,  the  Committee 
has  very  valuable  information.  If  the  Association  wishes,  our  conclusion 
can  be  modified.  We  do  not  believe  that  any  roads  which  have  not  the 
facilities  for  supplying  all  the  detailed  information  will  be  deterred  from 
giving  such  information  as  they  may  have. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  might  offer  a  word  or 
two  on  that  subject,  which  will  make  the  intention  of  the  c'onclusion  a 
little  clearer  to  ]\Ir.  McDonald.  You  will  notice  it  says  in  No.  5  that 
this  is,  a  study  of  an  individual  rail,  and  it  refers  only  to  the  study  of 
the  individual  rail.  If  any  company  has  any  special  information  to  give 
about  any  particular  rail  that  it  has  studied,  we  recommend  that  it  be 
furnished  the  Committee  in  that  form.  It  has  nothing  to  do  with  the 
filling  out  of  those  blanks  which  were  sent  around  to  the  various  mem- 
bers of  the  Association  some  time  ago  for  general  information  as  to  the 
number  of  different  kinds  of  rail  failures.  It  does  not  apply  to  that  at 
all.  There  are  two  kinds  of  rail  studies  to  be  made,  one  being  the  study 
of  the  quantitative  number  of  failures  of  the  group  under  the  classi- 
fication given  in  the  track  foreman's  blank,  and  the  other  a  study  of 
individual  pieces  or  lots  of  rail,  which  have  failed.  If  a  rail  has  failed 
under  peculiar  circumstances  (because  of  a  wreck  possibly),  a  pretty 
thorough  investigation  of  that  rail  is  usually  made,  and  this  recommenda- 
tion of  the  Committee  outlines  the  manner  in  which  the  report  should 
be  made.  The  Committee  already  has  had  one  or  two  such  instances 
reported  to  it,  and  if  they  are  printed  in  a  Bulletin  at  some  time  in  the 
future,  it  will  be  of  much  value  to  our  members.  A  complete  study  of 
the  rail  cannot  be  made  without  all  that  information,  such  as  chemical 
analysis,  tensile  strength,  microscopic  examination,  etc.  Nobody  is  asked 
to  furnish  it  who  cannot  do  it,  but  we  feel  there  are  many  members  who 
can  make  these  studies  from  time  to  time,  and  the  Committee  should 
have  the  benefit  of  them. 

The  Secretary: — "(6)  That  the  forms  described  above  and  ap- 
proved by  your  Association  by  letter-ballot,  also  form  2003-A,  be  added 
to  the  Manual  of   Recommended   Practice. 

"(7)  That  the  specifications  and  plan  for  Drop  Testing  Machine, 
heretofore  submitted  to  the  Association  by  letter-ballot,  be  adopted  as 
standard. 

"(8)  That  the  specifications  and  plan  for  Drop  Testing  Machine  be 
added  to  the  Manual  of  Recommended  Practice. 

"(9)  That  the  specifications  for  Bessemer  Steel  Rail,  as  presented 
in  the  Manual  of  Recommended  Practice,  be  allowed  to  remain  in  the 
Manual  as  now  printed. 
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"(lo)  That  the  following  note  be  added  to  the  specifications  in  the 
Manual :  'The  Committee  on  Rail  has  under  consideration  the  matter  of 
revised  specifications.'  " 

Mr.  Churchill : — Oii  behalf  of  the  Committee,  I  move  the  adoption  of 
the  conclusions  as  read. 

(Motion  carried.) 

The  President : — Before  excusing  the  Committee,  the  chairman  of  the 
Committee  has  a  statement  to  make. 

Mr.  Churchill : — The  work  of  the  Committee  has  advanced  to  the  ex- 
tent of  compiling,  under  sub-committee  C,  a  statement  of  reports  of  break- 
age of  rails  for  six  months  from  a  number  of  roads,  and  a  compilation  of 
this  report,,  which  is  rather  voluminous,  is  just  completed  for  the  six 
months  ending  October  31,  1908.  This  the  Committee  desires  especially 
to  be  in  as  early  a  Bulletin  as  possible  and  to  be  made  a  part  of  the 
records  of  the  Association. 

Likewise,  sub-committee  A  for  this  year  made  a  number  of  tests  at 
Sparrows  Point  Mill  in  the  presence  of  the  full  Committee  and  in  the 
presence  of  the  manufacturers'  committee,  of  a  number  of  rails  of  diflferent 
sections,  including  A  sections  and  B  sections  of  the  new  form,  as  well 
as  the  A.  S.  C.  E.  sections,  and  that  compilation  is  about  completed. 
That  also  will  be  given  to  the  Association  for  publication  in  one  of  the 
early  Bulletins  and  have  general  record  in  the  Association's  Proceedings. 

Finally,  sub-committee  A,  who  have  charge  of  testing  joints  as  a 
whole,  are  following  that  up— it  took  quite  a  long  time  to  get  from  the 
different  railroads  samples  of  joints.  They  have  all  gone  forward  to  the 
Watertown  Arsenal,  and  tests  on  joints  are  now  in  progress  under  the 
auspices  of  the  Government  at  the  Watertown  Arsenal,  overlooked  by 
two  committees — the  Committee  representing  this  Association  and  the 
Committee  of  the  American  Society  for  Testing  Materials. 

The  President: — The  Committee  will  be  relie\^ed  with  the  thanks  of 
the  Association. 


REPORT  OF  COMMITTEE  NO.  V— ON  TRACK. 

(Bulletin  108.) 
Fo  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of   Way  Association: 

Your  Committee  on  Track  presents  herewith  its  report  for  the 
year   1908. 

The  Committee  has  held  four  meetings  during  the  year,  in  addition 
to  meetings  of  sub-committees.  The  meetings  were  held  in  Chicago 
and  New  York  and  were  attended  by  the  following  members :  L.  S. 
Rose,  Chairman ;  C.  E.  Knickerbocker,  Vice-Chairman ;  Garrett  Davis, 
T.  H.  Hickey,  J.  B.  Jenkins,  C.  E.  Lindsay,  S.  S.  Roberts,  John  C. 
Sesser,  F.  A.  Smith,  W.  D.  Wheeler  and  A.  A.  Wirth. 

At  a  meeting  held  on  May  20th  the  following  sub-committees  were 
appointed : 

A — To  revise  the  frog  table  submitted  in  1908  and  to  extend  the 
table  to  make  it  more  nearly  universal  and  to  present  a  definite  recom- 
mendation for  the  length  of  switch  for  each  frog:  F.  A.  Smith,  Chair- 
man;  S.   S.  Roberts. 

B — To  p^repare  specifications  for  switch  points  to  be  used  on  Class 
A  track:    W.  D.  Wheeler,  Chairman;  Garrett  Davis,  E.  C.  Blundell. 

C — To  prepare  specifications  for  standard  spring  frogs  for  Class  A 
track:    C.  B.  Hoyt,  Chairman;  R.  D.  Starbuck,  T.  H.  Hickey. 

D — To  prepare  specifications  for  switchstands :  L.  S.  Rose,  Chair- 
man ;  John  C.   Sesser. 

E — To  confer  with  American  Railway  Master  Mechanics'  Associa- 
tion on  the  subject  of  widening  of  gage  on  curves,  and  to  present  report 
on  throat  clearance  and  guard  rail  clearance :  L.  S.  Rose,  Chairman ; 
C.  E.  Knickerbocker,  C.  E.  Lindsay. 

F — To  adapt  formulas  and  tables  on  spirals  for  publication  in  the 
Manual:  J.  B.  Jenkins,  Chairman;  to  confer  with  Prof.  Wm.  G.  Ray- 
mond. 

The  following  outline  of  work  was  given  your  Committee  by  the 
Board  of  Direction : 

(7)  Reviezv  and  revise  the  Committee's  report  presented  at  the 
Ninth  Annual   Convention,  covering   the  following  subjects: 

(a)  Report  on  the  subject  of  turnouts  and  turnout  material,  includ- 
ing the  best  types  of  szvitcjis lands,  switchpoints,  frogs,  guard  rails  and 
throat  clearance,  bearing  in  mind  the  possibility  of  an  increase  of  the 
thickness  of  wheel  flanges  and  the  effect  of  zvorn  tires  and  wheels  upon 
the  various  parts  of  turnouts,  frogs  and  crossings. 

The  Committee  presents  in  Appendix  A  its  report  on  the  foregoing 
subjects. 

397 


398  TRACK. 

(&)  Report  on  facing  point  siviichcs  for  high  speeds  zvilh  a  con- 
tinuous main  line  rail. 

Your  Committee  reaffirms  its  report  of  last  year  on  the  subject  of 
facing  point  switches  with  main  line  rail  (see  Proceedings,  Vol.  9,  p. 
388). 

(c)     Confer  wilh  Committee  on  Signaling  relative  to  switchstands. 

Your  Committee  reports  progress  on  this  subject,  and  requests 
further   time. 

{2)  Continue  investigations  in  connection  zvith  a  sub-committee  of 
the  American  Railzvay  Master  Mechanics'  Association  upon  the  subject 
of  widening  the  gage  on  curves  and  spacing  of  guard  rails,  as  affected 
by  the  different  lengths  of  engine  ivhccl  base,  arrangement  of  flanged 
wheels  and  wheel  wear. 

Your  Committee  has  held  conferences  with  joint  committees  of 
the  American  kailway  Master  Mechanics'  and  Master  Car  Builders' 
Associations  during  the  year  and  as  a  result  begs  to  recommend  the 
following   resolution : 

"*Resolved,  That  the  clear  width  of  standard  flangeway  for  all  frogs 
and  between  main  rails  and  guard  rails  be  i^  inches,  measured  at  the 
gage  line,  for  all  tracks  of  standard  gage." 

The  attached  drawing  shows  position  of  wheels  with  maximum  and 
standard  flanges  with  reference  to  i^  in.  throatway  and  for  i^  in. 
throatway.  The  meeting  with  the  Wheel  Committee  of  the  Master 
Mechanics'  Association  brought  out  the  fact  that  some  changes  were 
necessary  in  the  M.  C.  B.  standard  reference  gage  as  used  for  mount- 
ing.   The   corrected   gage   is   shown   on   the   drawing. 

Your  Committee  requests  further  time  in  which  to  prepare  its 
report   on   widening   of   gage. 

(3)  Report  oti  whether  wide  gage,  zvhich  is  due  to  worn  raV,  should 
be  corrected  by  closing  in  or  replacing  the  rail. 

After  careful  consideration  of  the  above  subject,  your  Committee 
begs  to  report  as  follows : 

Wide  gage,  due  to  worn  rail,  within  the  safe  limits  of  wear,  need 
not  be  corrected  until  the  excess  over  the  gage  is  equal  to  or  exceeds 
one-half  (14)   in.,  and  should  then  be  corrected  by  closing  in. 

(4)  Report  on  the  extent  rail  should  be  zvorn  before  it  becomes 
unsafe. 

Your  Committee  is  not  in  position  to  make  a  definite  recommenda- 
tion upon  the  extent  rail  should  be  worn  before  it  becomes  unsafe. 

(5)  Consider  revision  of  paragraph  (3),  under  "Proper  Method  of 
Spiking,"  Manual,  1907,  p.  64,  and  report  recommendation  as  to  extent 
gage  on  curves  should  be  zvorn  open  before  closing  in  is  necessary. 

Your  Committee  has  given  careful  consideration  to  the  foregoing 
instruction,    and    recommends    that    the    following    paragraph    be    sub- 


♦Amencl  to  read:  "Resolved,  That  the  clear  width  of  standard  flange- 
way  for  all  frogs  and  between  main  rails  and  guard  rails  be  1%  inches, 
measured  at  the  gage  line   for  all   tracks    of  4   feet    Si^-inch   gage." 
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stituted  for  the  one  now  appearing  on  page  64  of  the  Manual  of  1907 
(the  change  consisting  of  the  substitution  of  "one-half  (Vz)  in."  for 
"three-eighths    (^i)    in.)": 

"(3)  Within  proper  limit  a  slight  variation  of  the  gage  from 
standard  i.s  not  seriously  objectionable,  provided  the  variation  is  uniform 
and  constant  over  long  distances.  Under  ordinary  conditions  it  is  not 
necessary  to  regage  track  if  the  increase  in  gage  has  not  amounted  to 
more   than   one-half    (Vi)    in.,   provided   such    increase    is    uniform." 

Under  special  instructions,  dated  May  4,  your  Committee  has  taken 
up  the  question  of  Easement  Curve  formula  and  has  done  considerable 
work  upon  it  in  order  to  get  this  formula  in  shape  for  the  Manual.  In 
order  to  settle  upon  lengths  of  spiral  a  circular  was  sent  to  the  members 
and  a  tabulated  list  of  replies  is  presented. 

It  was  found  necessary,  in  order  to  determine  the  Easement  Curve 
formula,  to  have  a  definite  definition  for  "Degree  of  Curve."  The  Com- 
mittee presents  tabulated  replies  to  Circular  No.  no,  and  a  discussion 
upon  this  question  by  Prof.  C.  Frank  Allen,  Prof.  Wni.  G.  Raymond, 
and  others,  which,  we  think,  w^ill  be  of  benefit  to  the  Association  and 
may  help  solve  this  problem.      (See  Appendix   B.) 

CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  con- 
clusions : 

(i)  That  the  formula  for  the  functions  of  the  split  switch  pro- 
posed be  approved  as  good  practice. 

(2)  That  the  properties  of  the  frogs  and  switch  rails  given  in  the 
accompanying  tables  be  approved  as  good  practice. 

(3)  That  degree  of  curve  be  defined  as  the  angle  subtended  by  a 
ICO  ft.  chord. 

*(4)  That  all  curves  be  spiraled  which  would  require  2-in.  eleva- 
tion  for  the  highest  possible   speed. 

(5)  That  wide  gage,  due  to  worn  rail,  within  the  safe  limits  of 
wear,  need  not  be  corrected  until  the  excess  over  the  gage  is  equal  to 
or  exceeds  one-half  (^)  in.,  and  that  it  should  then  be  corrected  by 
closing   in. 

(6)  That  paragraph  (3),  page  64,  of  the  IManual,  under  the  head- 
ing of  Maintenance  of  Line  and  Alinement,  be  withdrawn  and  the  ver- 
sion submitted   in  the  body  of  this    report   substituted. 

Respectfully    submitted, 
L.  S.  Rose,  Signal  Engineer,  Cleveland,  Cincinnati,  Chicago  &  St.  Louis 

Railway,  Cincinnati,  O.,  Chairman. 
C.  E.  Knickerbocker,  Engineer  Maintenance  of  Way,  New  York,  Ontario 

&  Western   Railway,   Middletown,    N.   Y.,    Vice -Chair  man. 


•Amend    to    read:     "(4)     That    all   curves   be    spiraled     which    would   re- 
quire  2-in.    elevation   for    the   highest  permissible   speed." 
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E.  C.    Blunbell,    General    Roadmaster,    C,    St.    P.,    M.    &   O.    Ry.,    Ean 

Claire,  Wis. 
Garrett  Davis,  Superintendent,  Chicago,  Rock  Island  &  Pacific  Railway, 

Cedar  Rapids,   la. 
T.    H.    HiCKEY,    Roadmaster,    Michigan    Central    Railroad,    St.    Thomas, 

Ont. 
C.    B.    HoYT,    Superintendent    Track,    New    York,    Chicago    &    St.    Louis 

Railroad,   Bellevue,   O. 
J.   B.  Jenkins,   Assistant   Engineer,    Baltimore   &    Ohio    Railroad,    Balti- 
more, iMd. 
C.  E.  Lindsay,  Division  Engineer,  New  York  Central  &  Hudson  River 

Railroad,  Albany,  N.  Y. 
G.  J.  Ray,  Chief  Engineer,  Delaware,  Lackawanna  &  Western  Railroad, 

Hoboken,   N.  J. 
S.   S.   Roberts,  Assistant   Prof.   Ry.  Eng.,   Univ.  of  Illinois,   Urbana,   111. 
R.  O.   Rote,  Jr.,   Principal  Assistant  Engineer,  Lake   Shore   &  Michigan 

Southern   Railway,    Cleveland,    O. 
John  C.  Sesser,  Chicago,  111. 

F.  A.  Smith,  Chicago,  111. 

R.   D.   Starbuck,   Assistant   Chief  Engineer,   Michigan    Central   Railroad, 
Detroit,   Mich. 

R.  A.  Van  Houten,  Division  Engineer,  Lehigh  Valley,  Easton,  Pa. 

W.    D.    Wheeler,    Chief    Engineer,    Minneapolis    &    St.    Louis    Railway, 
Minneapolis,   Minn. 

A.  A.  WiRTH,  Engineer  Maintenance  of  Way,  Pennsylvania  Lines,  Pitts- 
burg,  Pa. 

Committee. 


Appendix    A. 
PROPERTIES    OF   THE    SPLIT    SWITCH. 

In  view  of  the  instructions  of  -the  Board  of  Direction  to  revise 
the  Frog  and  Switch  Table  submitted  by  the  Track  Committee  to  the 
convention  of   1907,   we   consider  it  advisable  to   submit: 

(i)  Revised  formulas  for  determining  the  properties  of  the  modern 
split  switch. 

(2)  A  table  of  the  properties  of  frogs  and  switch  rails  for  use 
on   roads  using  rail  weighing  80  lbs.  per  yard  or  less. 

(3)  A  similar  *'»ble  for  roads  using  rail  weighing  more  than 
80  lbs.    per  yard. 

Until  all  of  the  hw^vC  points  are  definitely  determined,  we  feel  it 
would  be  of  no  avail  to  figure  the  leads  and  other  functions  of  the 
entire  turnout. 

THE     SPLIT     SWITCH. 


Given — 
G  =  Gage  of  track. 
N  =  Frog  number. 


F  =  Frog  angle. 
W  =  Length  of  wing  rail. 
S  =  Length  of  switch  rail 
H  =  Heel  distance. 


Required — 
a  =  Switch  angle 

L^Lead  distance   measured  along  center 
line    of    main    track    from    point    of 
switch   to  point  of   frog. 
R  =  Radius  of  center  line  of  lead  curve. 
D  =  Degree  of  lead  curve. 


CE,ED  =  Arc  of  outer  rail  of  lead  curve. 
ZiDi  =  Length  of  straight  rail  in  lead. 
Y  =  Perpendicular   offset   from    any   point 
;  on  the  curved  lead  rail  to  the  main 

track  rail. 
X  =  Distance   from  foot  of  such  offset  to 
point   of   switch   rail. 
In   the  accompanying  figure,    A,  Z,   V,   B   and   Zi,   Di,    P,    represent 
points   on   the    gage    sides    of    the    main    track   rails.     C,    Ei,    E    and    D 
represent  points  on  outer  rail  of  lead  curve. 


G  =  Gage. 

P  =  Theoretical  point  of  frog. 
D  =  Toe  of  frog. 
PD==W  =  Length  of  wing  rail. 
<Z,PD  =  <  Z.PI  =  F  =  Frog  angle 
A  =  Point   of  switch  rail. 
C  =  Heel  of  switch  rail. 
AC  =  S  =  Length  of  switch  rail. 

Z  =  Foot  of  perpendicular  from   gage   side   of   switch    rail   at  heel  upon 
gage  side  of  main  track  rail. 
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CZ  =  H  =  Heel  distance. 

CAZ  =  <<: UAB  =  a  =  Switch  angle. 

O  =  Center  of  lead  curve. 

R  =  Radius  of  lead  curve. 

D=  Degree  of  lead  curve. 

CD  =  Long  chord  of  lead  curve. 
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CEiED=Arc  of  curved  or  outer  rail  of  lead  curve  tangent  to  heel  of 
switch  rail  at  C  and  to  toe  of  frog  at  D. 

G 

OC=0£i  =  0£  =  0£'=(i? +—)=  Radii  of  outer  rail  of  lead  curve. 

2 

Extend  PD  and  AC  to  intersect  at  /,  then  Dl  =  CI  =  Tangent  distance 
of  lead  curve. 

•^DIU  =  -^DOC  =  (F  — a)  =  Angle  of  intersection  =  Center  angle 
of  lead  curve. 

'^DCI=<l;DO!  =  ^IOC  =  V2  (F  —  a).  {^DCI  ^-tCAZ)  =  y^ 
(F  +  a)  =  Angle  of  long  chord  CD  with  AB. 

B  =  Foot  of  perpendicular  from  point  of  frog  upon  gage  side  of  oppo- 
site main  track  rail. 

AB  =  Lead. 


CZ  H  H 

Sin     <(;  CAZ  = =  sin  a  =  — .'.a  =  si)i—^ — (l) 

AC  S  S 

To  correct  for  actual  thickness   of  point  of  switch   rail,   deduct  the 
thickness  of  the  point  from  H  before  dividing  by  S. 

The  sum  of  the  projections  of  AC,  CD,  and  DP    upon  PB  is  equal 
to  PB. 
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{AC  ■  sift  <i^CAZ)  +  ICD  ■  sill  (^DCI  +  <CAZ)]  +  (257'  •  <i;Z,rD)  =  PB 

Substituting  the  values  of  the  given  quantities  and  solving  for  CD. 

G  —  ( /  /  ■    sin  F  -\-  S  ■  sin  a^ 

CD  =  ^ -P^ ) (2) 

stn  yi  [F  -\-  a)  

The  sum  of  the  projections  AC,  CD,  and  DF  upon  AB  =  AB. 
AB=IAC  ■  cos<i;CAZ)-\-[CD  ■  cosi-^DC/ +  <^CAZ)]+  (DP  ■  cos  <^Z,PD) 

L  =  S  ■  cosa+  CD  ■  cos  y2  {F+  «)jf // '  ■  cos  F. (3) 

Substituting  in    (3)   the  value  for  CD  given  in    (2)   and  simplifying, 

sin  Yz  (F  —  a) 

L={S  —  VV) +G.  cot  Yz   iF  +  a) (4) 

sin  Y2  {F  -\-  a) 
(a)  To  correct  for  the  actual  thickness  of  the  point  of  switch  rail, 
deduct  the  thickness  of  the  point  from  G  before  solving  (4).  (b)  To 
correct  for  the  actual  thickness  of  the  point  of  frog.  After  solving  (4), 
increase  L  by  the  product  obtained  by  multiplying  the  thickness  of  the 
frog  point   (expressed  in  decimals  of  a  foot)   by  the  frog  number. 

Id  CD 

0D= = •. (5) 

sin  <i;DO/ 2  ■  sin  %  (F—  a) 

Substituting  for  CD  in  (5)    the  value  given  in    (2),  and  solving  for  R. 

G  —  H—W-sinF  G 

R  = (6) 

2  •  siti  Yt.  {F — a)  ■  sin  }4  {F+  a)         2 

or  the  value  of  R  may  be  expressed  as  follows : 

G  —  H~lV-sinF       G 
R  = —  — (7) 

cos  a  —  cos  F  2 

D  =  2-siH-^^-^ ( 8 ) 

^    _       2-^  ■(r+-)  .{F-a)  /         G\ 

cTi  FD  = ^ ^ =0.0175-  (^  +  ;-)- (^-'^)--(9) 

360 
I"   (9).    (F  —  a)   is  expressed  in  degrees  and  decimals  of  a  degree. 

Z^D,  =  L  —  (W  +  S) (10) 

Let  El  be  any  point  on  the  gage  side  of  the  outer  rail  of  the  lead 
curve.  Draw  the  radius  OE.  Drop  a  perpendicular  from  O  upon  the 
gage  side  of  the  main  track  rail  at  T.  From  O  draw  the  radius  OC 
perpendicular  to  the  switch  rail  at  its  heel.  <^  COT  =  a.  From  Ei  let 
fall  a  perpendicular  upon  the  gage  side  of  the  main  track  rail  at  V  and 
upon  OT  at  M.  Let  fall  a  perpendicular  from  C  upon  the  gage  side  of 
the  main  track  rail  at  Z  and  upon  OT  at  Q.  Let  <  EiOC  =  fj.  and  let 
A  =  point  of  switch  rail. 

Y  =  Ej^='MT={0Q  —  6M  +  Qf)=0Q  —  0M  +  CZ 

K=[/^+(y?+  ^)  .cosaj-(R+^^  -cosifji+a) (n) 

X=  (AT -^TY)  =  (AZ  —TZ)  -\-TY=(AZ  —  QC  +  ME, 

^  =  [-S-  -  (/e  +  j)  ■  sin  aj+  I^R+-^y  sin(,x  +  a) (12) 


TRACK.  405 


SUMMARY. 

,      H  .  . 

a^siiH-    -^ (I) 

^  =  '^-"'§fTf^i+^--'^<^+'') <^' 

_  G  —  H—  IV- sin  F  _  G  ^ 

„       G—H—  W  ■  sinF      G 
R  = -^ 7) 

cos  a  —  cos  F  2 


,-:52 

G\ 


Z>=2-    sin-^^ (8) 

K 


CE.ED  =  o.oin^^  •  (7?+  ^)  -{F-a) (9) 

'Z^.^.LiW^  S) (10) 

Y=\ji^(R^  ^y  cos  ^J-(7?+  ^'\  ■cos{^i+  a)... [11) 

X=  Is-  fj?+  ^\  ■  sin  a\  +  (^  +  f )  '  ^"'  <>*  +  '^) •  --(i^) 

To  correct  (i)  and  (4)  for  the  actual  thickness  of  point  of  switch 
rail,  deduct  the  thickness  of  the  point  from  H  and  G  before  solving 
for  o  and  L.  To  correct  (4)  for  the  actual  thickness  of  the  frog  point : 
After  solving  (4),  increase  L  by  the  product  of  N.t,  where  N  =  frog 
number  and  t  =  actual  thickness  of  frog  point  expressed  in  decimals 
of  a  foot.  In  (9),  (F  —  a)  is  expressed  in  degrees  and  decimals  of  a 
degree.  In  (11)  and  (12)  it  is  recommended  that  the  value  of  Y  and 
X  be  obtained  for  at  least  three  values  of  m,  namely,  m=  M  C-^—^)' /^  =/^ 
F-a),y.)i,  [F-a). 

In  the  tables  submitted,  the  dimensions  of  the  frogs  are  so  com- 
puted that — 

(1)  A  36-in.  angle-bar  splice  may  be  applied,  without  clipping,  to 
a  frog  made  of  8o-lb.  rail. 

(2)  A  36-in.  angle-bar  splice  may  be  applied,  without  clipping,  to 
a  frog  made  of  iio-lb.  rail. 

In  both  tables  the  frogs  from  No.  9  to  No.  15,  inclusive,  have  been 
made  of  sufficient  length  from  point  to  toe  to  permit  of  being  made 
spring  frogs,  if  so  desired. 

The  switch  angles  are  chosen  arbitrarily,  after  some  trial,  and  are 
kept  as  small  as  seems  consistent  and  of  as  nearly  the  same  angle 
for  the  same  number  of  frog  as  practicable ;  the  Committee  havmg 
found  from  comparison  of  the  results  of  various  computations  that  for 
any  given  frog,  whether  the  heel  distance  remains  constant  and  the 
switch  angle  varies  or  the  switch  angle  remains  constant  and  the  heel 
distance  varies,  the  change  in  the  degree  of  the  lead  curve  is  practically 
the  same  for  equal  changes  in  the  length  of  the  switch  rail.  So  that, 
considering   the   switch   angle   constant   and   knowing  the   length    of   the 
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lead  and  radius  of  the  lead  curve  for  any  given  length  of  switch  rail 
and  number  of  frog,  the  length  of  lead  and  radius  of  lead  curve  for 
any  other  length  of  switch  rail  with  the  same  frog  may  be  much  more 
easily  computed  than  when  dififerent  switch  angles  are  used  with  the 
same  number  of  frog. 

Thus  from  equations    (4)    and    (7), 

SinV,(F  —  a) 

U  =  L—      iS  —  S>) 

SinV^  (F  +  a) 
H  —  H, 

R^  =  R-\ 

Cos  a  —  Cos  F 

Where  L^  S,  R  and  H  are  the  length  of  lead,  length  of  switch  rail, 
radius  and  heel  distance  of  a  given  frog  and  switch  rail  and  L\,  S\, 
Rx  and  Hi  are  the  corresponding  functions  of  the  turnout  for  the  same 
frog  with   any   other  length   of  switch    rail   as   6"!. 

By  keeping  F  and  a  constant  for  the  same  frog  it  may  be  seen  by 
inspection  of  the  formulas  submitted  that  a  series  of  constants  may 
be  worked  out,  so  that,  knowing  the  functions  of  the  turnout  for  a 
given  frog  and  length  of  switch  rail,  the  functions  of  the  turnout  for 
the  same  frog  and  any  other  length  of  switch  rail  may  be  obtained 
by  one  or  two  simple  processes  of  calculation  for  each  function.  This 
would  also  be  true  if  the  length  of  the  switch  rail  remained  constant 
and  the  length  of  the  wing  rail  varied  or  if  both  the  length  of  the 
switch  rail  and  the  wing  rail  varied. 

It  is  found  that  with  the  splice  and  rail  sections  considered,  a 
prohibitively  great  heel  distance  would  have  to  be  used  to  permit  the 
application  of  the  splice  to  the  switch  rail  without  clipping;  for  this 
and  other  reasons,  the  heel  distances  given  in  the  tables  have  been 
selected. 
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110-LB.  RAIL  AND  LESS,  BUT  GREATER  THAN   SO-LB.  36-IN.  ANGLE  BAR  SPLICE. 


Properties  of  Frog. 

Properties  of  Switch. 

1 
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3       1       4 

5             6      i      7 
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Point  to  Heel. 
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■a 
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t 
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II 
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Thickness  of 
Switch  Rail 
at  Toe. 

o 

a 
"S 

5 

1 
'1-2 

4 

5 

6 

7 

8 

9 

9i 
10 
11 
12 
15 
18 
20 
24 

14°  15'00" 
11°25'16" 
9°  31 '37" 
go  io'17" 
7°09'10" 
6°  21 '35" 
6°  01 '31" 
5°  43'29" 
5°  12'19" 
4°  46'19" 
3°  49'06" 
3°  10'56" 
2°  51'51" 
2°23'11" 

3'02"       5'04" 
3'07"       6'05" 
4'00"       7'00" 
4'05"  !    8'01" 
4'09"       8'09" 
6'00"     lO'OO" 
6'00"     lO'OO" 
6'00"     10'06" 
6'00"     11 '06" 
6'05"     12'01" 
7'OS"     14'10" 
8'10"     17'08" 
9'08"     19'04" 
11'04"     23'02" 

8'06"     0.79'     1.32' 
lO'OO"     0.71'     1.28' 
ll'OO"     0  66'     1.16' 
12'06"     0.63'     1.15' 
13'06"     0  59'     1.09' 
16'00"     0  67'     1.11' 
16'00"     0.63'     1.05' 
16'06"     0.60'     1   05' 
17'06"     0.54'     1.05' 
18'06"     0  53'     1.01' 
22'06"     0  51'     0  99' 
26'06"     0.49'     0.98' 
29'00"     0.48'     0.97' 
34'06"     0.47'     0.97' 

Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 

§1" 

Oi"; 
Oi" 

12' 
12' 
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15' 
18' 
18' 
18' 
21' 
21' 
21' 
24' 
24' 
30' 
30' 

Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 
Oi" 

06i      2°  23'17" 
06  i      2°  23'17" 
06i      2°  23'17" 
06i      1°  54'37'' 
06i      1°  35'30'' 
06i      1°  3o'30" 
06i       1°  35'30" 
06i      1°  21'52'' 
06i       1°  21'52'' 
06i       1°  21'52" 
06i       1°  11'37'' 
06i      1°  11'37" 
06i      0°  57'18" 
06i      0°  57'18'' 

80-LB.  RAIL  AND  LESS.    36-IN.  ANGLE  BAR  SPLICE. 


Properties  of  Frog. 

Properties  of  Switch. 
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SPECIFICATIONS    FOR    FROGS   AND    SWITCHES. 

GENERAL. 

The  Company  will  furnish  the  Manufacturer  one  copy  of  the 
specifications  and  working  drawings. 

The  working  drawings  will  show  the  rail  sections,  splice  drilling, 
angle  alinement   and   general   dimensions. 

All  drawings  are  a  part  of  the  specifications,  and  must  be  so  con- 
sidered. Where  figures  are  given,  they  are  intended  to  be  followed 
in  preference  to  measurement  by  scale.  Anything  which  is  not  shown 
on  the  drawings,  but  which  is  mentioned  in  the  specifications,  or  vice 
versa,  or  anything  not  expressly  set  forth  in  either,  but  which  is  rea- 
sonably implied,  shall  be  furnished.  Should  anything  be  omitted  from 
the  drawings  or  specifications  which  is  necessary  for  a  clear  under- 
standing of, the  work,  or  should  any  error  appear  either  in  the  draw- 
ings or  specifications  affecting  the  work,  it  shall  be  the  duty  of  the 
Manufacturer  to  notify  the   Company. 

MATERIALS. 

1.  The  rail  shall  be  first  quality,  open-hearth  steel,  manufactured 
in  accordance  with  the  specifications  of  the  American  Railway  Engi- 
neering and  Maintenance  of  Way  Association.  At  its  option,  the  rail 
may  be  furnished  by  the  Company. 

2.  The  filling  shall  be  cast  or  rolled  steel,  or  rolled  iron. 

3.  Bolt  and  rivets  shall  be  made  from  a  good  quality  of  milled 
steel  with  ultimate  tensile  strength  of  50,000  to  54,000  lbs.  per  sq.  in., 
or  be  made  of  refined  B.  B.  iron.  Bolt  iron  should  be  true  and  round 
and  conform  to  the  diameter  specified. 

4.  Raising   blocks    shall   be    made   from   forged    or    rolled    steel. 

5.  Plates  shall  be  made  from  rolled  steel  or  rolled  iron. 

6.  Braces   shall  be   made   from   rolled   steel   or  malleable    iron. 

7.  Reinforcing  bars  shall  be  made  of  wrought-iron  or  soft  steel. 

8.  Springs   shall   be   made    of  the   best   quality   of   spring   steel. 

9.  Spring    covers    shall    be    made    from    malleable    iron    or    steel. 

10.  Switch  lugs  shall  be  made  of  good  quality  open-hearth  steel  or 
wrought-iron. 

11.  Switch  rods  shall  be  made  from  good  quality  wrought-iron. 

12.  Foot  guards  shall  be  made  from  rolled  steel,  except  where 
solid,  when  they  shall  be  made  of  cast  or  rolled  steel  or  rolled  iron. 

13.  Workmanship  shall  be  first-class. 

All  holes  for  bolts  and  rivets  except  in  castings  shall  be  drilled 
and  all  burrs   removed. 

All  bends  shall  be  made  accurately  and  with  care,  so  as  not  to 
injure  the  material.  They  shall  be  in  arcs  of  circles  and  not  angles. 
It  is  desired  that  rails  be  bent  cold.  If  heating  of  rail  is  resorted  to, 
it  shall  be  done  in  a  manner  so  as  not  to  injure  it.  Welding  in  any 
part    of    the    frog    and    switch    work    is    prohibited.      Planing    shall    be 


Note. — The    Committee    Is    not    a  unit  upon  the  above  specifications  for 
Frogs  and  Switches,  and  they  are  submitted  as  a  progrresa  report. 
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true,  and  all  abutting  surfaces  shall  fit  closely.  Ends  of  rails  shall  be 
cut  at  right  angles  to  the  axis  of  the  rail,  except  where  shown  on  the 
plans.  All  burrs  shall  be  removed.  The  surface  and  line  shall  be  true. 
No  paint,  tar  or  other  covering  shall   be  used. 

INSPECTION. 

Material  and  workmanship  shall  at  all  times  be  subject  to  inspec-  Inspection, 
tion  by  a  duly  authorized  representative  of  the  Company,  who  shall 
examine  the  material  before  it  is  worked  in  the  shop  and  shall  have 
supervision  over  the  work  during  progress;  and  shall  also  inspect  the 
finished  product,  with  power  to  reject  materials  and  workmanship  found 
to  be  unsatisfactory.  He  shall  have  free  access  to  the  shops  and  mdls 
at  any  and  all  times  during  the  progress   of  the  work. 

The  acceptance  of  any  material  by  an  inspector  shall  not  prevent 
subsequent  rejection  if  found  defective  after  delivery  or  during  the 
progress  of  the  work,  and  such  material  if  furnished  by  the  Manu- 
facturer shall  be   replaced  by  him  at  his  own  expense. 

All  facilities,  labor  and  tools  necessary  for  the  inspection  shall  be 
furnished    at    the    expense    of    the    Manufacturer. 

Where  the  Manufacturer  furnishes  the  rails,  he  shall  supply  the 
Company  with  a  certificate  of  inspection  made  by  some  competent  per- 
son acceptable   to  the   Company. 

SPRING   RAIL  FROGS. 

Point  rail  shall  be   round  on  top  and   sides  at   working  point.     Frog    Point  Rail, 
number,  weight,  date  made  and  name  of  maker  must  be  stamped  on  the 
top  surface   near  the   flare   end   of  fixed   wing   rail. 

Movable    wing    rail    shall    be    bent    so    as    to    fit    closely    against    the    Movable 
point    rail    from    the   point    to    where    it    is    five    and    one-half    (5^/2 )    in. 
from  gage  line  of  main  track  rail. 

Reinforcing  bars  shall  be  three-quarters   (^4)    i"-  in  thickness  and  of    Reinforcing 
sufficient    width    to    properly    fill    the    space    between    the    bottom    flange    ^^'■^• 
and  head  of  rail,  and  made  to  fit  the  fishing  angles.     It  shall  be  fastened 
to  the  movable  wing  rail  with  five-eighths   (^)   in.  rivets  or  bolts. 

End  of  reinforcing  bar  at  the  toe  end  of  frog  shall  not  be  less 
than    forty-five   and   one-half    (45H)    in.    ahead    of    working   point. 

The  hold-downs  may  be  a  part  of  the  reinforcing  bar  or  a  sep- 
arate   attachment. 

Rail   braces    or   stops    shall    be   provided,    so    placed    as    to    limit    the    Rail  Braces, 
opening  to  one  and  seven-eighths    {ij4)    iri-  between  the  movable  wing 
rail   and   the   working   point.     Where    rail  braces   are   shown,    they   must 
be    five-sixteenths    (^s)    in.    in    thickness,    and    must    be    riveted    to    the 
plates  with  rivets  at  least  one-half   {l4)    in.   in  diameter. 

All  springs  shall  be  double  springs,  the  outside  diameter  of  out-  springs, 
side  spring  being  not  less  than  two  and  one-half  (2^)  in.,  and  free 
length  of  both  springs  five  and  one-half  (S^)  in.;  outside  spring 
shall  be  three-eighths  (-J^)  in.  thick,  with  seven  coils,  and  inside  one- 
quarter  (14)  in.  thick  and  ten  coils.  Each  spring  shall  have  its  free 
length   measured   when   standing  on   end   on  a   flat   surface,   it   shall   then 
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Fillers. 


Holes, 


Bolts. 


Switch 
Points. 


Bolts. 


be  placed  in  a  testing  machine,  closed  up  solid,  and  held  in  this  posi- 
tion for  at  least  thirty  seconds,  after  which  its  free  length  measured 
at  the  same  point  on  the  coil  as  before  shall  not  differ  by  more  than 
one-sixteenth    (t'g)    in.    from    the   measurement   taken   before   the    test. 

Fillers  shall  be  solid  and  continuous  and  shall  fit  snugly  between 
head  and  base  of  rail;  flangeway  shall  not  be  less  than  one  and  three- 
quarters    (i^)    in.    in  depth  measured   below  the   top  of   rail. 

The  front  end  of  the  filler  shall  be  one-half  (^)  in.  ahead  of  the 
working  point,  the  filler  to  fit  the  sectional  rail  and  be  notched  at  the 
working  point  forming  a  shoulder  for  the  frog  point.  The  fillers  shall 
be  grooved  or  cut  out  to  fit  over  the  rivet  heads,  and  cut  to  fit  the 
web  at  the  bend. 

All  holes  drilled  before  assembling  must  be  made  onc-sixtccnth 
(-h)  in.  less  in  diameter  than  the  bolts  to  be  used.  After  the  parts 
are  assembled,  the  holes  shall  be  reamed  so  that  they  are  straight 
and  true  and  are  of  such  size  as  to  give  the  bolts  a  driving  fit. 

A  rising  block  shall  be  placed  at  the  heel  of  the  frog.  The  top 
of  the  block  shall  be  flush  with  the  top  of  rail  from  a  point  where 
the  heads  of  the  rail  are  one-half  (14)  in.  apart  to  where  the  distance 
between  the  center  lines  of  the  webs  is  five  and  one-half  (5^)  in., 
extending  a  further  distance  of  four  and  one-half  (45^)  in.,  making 
a  gradual  slope  with  the  end  three-eighths  (^)  in.  below  the  top  of 
rail  head.  The  block  must  rest  on  flanges  of  the  point  rails  and  not 
be  less  than  one  (i)  in.  thick  at  any  point.  If  an  inverted  rail  is  used 
for  this  purpose,  the  space  between  the  webs,  head  and  base  of  rail 
shall  be  completely  filled   by   cast-iron  filling  blocks. 

U.  S.  standard  heads  and  nuts  shall  be  provided  for  all  bolts.  The 
threads  shall  be  accurately  cut,  and  nuts  shall  have  a  wrench-tight  fit. 
Each  bolt  shall  be  provided  with  an  efficient  headlock,  preventing  the 
bolt  from  turning,  and  a  nutlock  large  enough  to  give  full  bearing 
for  a  nut,  a  one-quarter  (%)  in.  cotter  to  be  placed  outside  of  nut. 
Beveled  washers  will  be  used  wherever  necessary  to  give  head  and 
nut  a  good  square  bearing.  Bolts  shall  be  long  enough  to  allow  the 
nuts  to  be  brought  out  from  under  head  of  rail,  with  a  suitable  washer 
not  less  than  one-half  (y^)  in.  thick,  so  that  nuts  may  be  readily  tight- 
ened with  an  ordinary  wrench. 

SWITCHES. 

Switch  points  shall  fit  stock  rail  throughout  the  planing.  Ends  of 
switch  rails  must  be  cut  at  right  angles  to  axis  of  rail,  and  all  burrs 
removed.  The  planing  must  be  made  so  that  the  point  is  three-eighths 
(^)  in.  below  the  top  of  stock  rail.  The  center  line  of  holes  for  lug 
bolts  must  be  on  a  line  one-quarter  (%)  in.  below  the  center  line 
of  web. 

Turned  bolts  shall  be  used  connecting  lugs  and  switch  rods  and  at 
switchstand  connections.  These  bolts  shall  be  provided  with  standard 
threads  and  nuts.  All  bolts  shall  be  provided  with  cotters.  All  holes 
for  bolts  shall  be  drilled   t'e-in.    larger    than    diameter    of    bolts. 
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Appendix    B. 

THE  USE  OF  SPIRALS  AND  DEFINITION  OF  DEGREE  OF 

CURVE. 

Your  Committee  on  Track  issued  the  following  circular  to  the 
members  of  the  Association; 

(Circular  102.) 

What  is  the  minimum  degree  of  curve  on  which  you  use  spirals 
for  speed  of  30  miles  per  hour;  40  miles  per  hour;  50  miles  per  hour; 
60  miles  per  hour;  70  miles  per  hour;  80  miles  per  hour? 

What  do  you  consider  the  minimum  offset  between  tangent  and 
circular  curve  which  it  is  practicable  to  use  for  a  spiral? 

(The  object  of  the  above  inquiries  is  to  establish  either  (a)  a 
minimum  length  for  spirals,  or  (b)  a  minimum  offset;  no  easement 
curve  to  be  used  on  curves  where  conditions  would  require  either  a 
shorter  spiral  or  a  smaller  offset  than  the  minimum  to  be  determined 
upon.) 

What  do  you  consider  the  safe  minimum  distance  for  which  eleva- 
tion should  be  run  out  for  low  speeds?  (Give  distance  in  feet  per  inch 
of   elevation.) 

What  do  you  consider  the  most  satisfactory  distance  for  which 
elevation  should  be   run  out  for  low  speeds? 

What  do  you  consider  the  most  satisfactory  distance  for  which 
elevation  should  be   run   out  for   low   speeds? 

What  do  you  consider  the  most  satisfactory  distance  for  speeds  of 
40  miles  per  hour;  50  miles  per  hour;  60  miles  per  hour;  70  miles  per 
hour;  80  miles  per  hour? 

In  new  location,  are  you  governed  in  the  choice  of  spirals  mainly 
by   topography;    speed;   degree  of  curve;   within   what   limits? 

In  new  location,  do  you  endeavor  to  make  your  spirals  as  much 
a  part  of  the  permanent  alinement  as  the  tangents  and  circular  curves? 

From  your  experience  or  observation,  what  per  cent,  can  the  speed 
be  exceeded  without  discomfort  over  the  calculated  speed  to  which  the 
rai's  are  elevated? 

The  value  of  the  answers  to  this  circular  was  unfortunately  im- 
paired by  a  misprint  in  the  second  question  in  the  circular,  making 
"offset"  read  "of  feet,"  and  by  a  very  general  misinterpretation  of  the 
third   and  sixth   questions. 

In  spite  of  these  deficiencies,  the  replies  are  more  complete  than 
was  hoped  for,  and  while  they  show  a  wide  variation  in  practice, 
this  variation  was  expected.  The  results  of  the  inquiry  are  of  great 
interest   and  value. 
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REPLIES  TO  CIRCULAR  NO.  102. 


Is    spiral    made   part    of 
permanent    aline- 
ment  in  new 
Location  f 
A.,   T.  &   S.   F.   Ry., 
J.        M.        Meade, 
Eng.  E.  Gr.  Div. ..Yes 

A..  T.  &  S.  F.  Ry.. 
C.  A.  Morse,  Chief 
Engineer   Yes 

Boston  &  Maine,  J. 
P.  Snow,  Bridge 
Engineer    No 

B.  &  O.  R.  R.,  H.  R. 
Talcott,  Engr.  of 
Surveys    Yes 


B.  &  O.  R.  R.,  A.  W. 

Thompson,      Chief 
Engr.    M.   of  W. ..Yes 

B.  &  O.  R.  R.,  G.  D. 

Brooke,  Asst.   En- 
gineer    Yes 

B.  &  O.  R.  R.,  J.  B.  . 

Jenlvins,  Asst.  En- 
gineer     Yes 

B.  &  O.  R.  R.,  E.  G. 
T^ane,  Engr.  M.  of 
Way     Yes 

B.  &  S.  R.  R.,  H.  C. 
Landon,  Engr.  M. 
of  W 

C.  B.  &  Q.  R.  R., 
T.  E.  Calvert,  Ch. 
Engineer    Yes 

C.  B.  &  Q.  R.  R., 
Geo.  H.  Bremner, 
Engr.  M.  of  W Yes 

C,  C,  C.  &  St.  L.., 
A.  L.  Kuehn,  Engr. 
Trk.  and  R'dway.  No 

C.  C.  C.  &  St.  L... 
R.  Ferriday,  Engr. 
M.  of  W.,  P.  & 
E.   Ry No 

Cornell  University, 
C.  L.  Crandall, 
Prof,  of  R.  R. 
Engineering No 

C.      P.      R.,      F.      P. 

Gutelius.  Asst.  Ch. 
Engineer    Yes 

C,  R.  I.  &  P.  Ry., 
A.  K.  Shurtleff, 
Office    Engineer... Yes 

C.   R.    I.    &    p.   Ry., 
Garrett    Davis, 
Supt No 


In  netD   location,   choice  of   spirals   is   governed 
mainly    hy 

Speed  If  between  30  and  60  miles.  (Speed  and 
topography  when  speed  is  over  60;  Degree  of  Curve 
when   it  limits  speed.) 

Speed  and  Degree  of  Curve.  (Latter  evidently 
only  as  it  affects  length  of  spiral,  not  choice  of 
spirals.) 


Topography  occasionally,  where  offset  affects 
cost.  Speed  and  Degree  of  Curve  where  distance 
between  curves  permits.  (Latter  evidently  applies 
only  to  length  of  spiral.) 


Speed. 

Speed.  Topography  only  when  necessary  on  ac- 
count of  short  ta,ngents.  Degree  of  Curve  only  as 
it  limits  speed. 

Highest  speed  the  line  is  good  for.  Degree  of 
Curve  to  the  extent  that  it  limits  speed.  Topog- 
raphy only  when  obstructions  necessarily  fix  rela- 
tive positions  of  tangent  and  curve. 

Topography  within  certain  limits,  to  be  deter- 
mined on  the  ground.  (Evidently  governed  by 
speed,  except  as  limited  by  topography.) 


Should   be   governed  entirely   by   Speed  and   De- 
cree of  Curve. 


(Letter    indicates    that   speed   is   first   considera- 
tion.) 


Evidently    governed 


(Question     misunderstood, 
by  speed.) 

Speed  and  Degree  of  Curve.  (Latter  applies 
cnly  to  length  of  spiral.  Diagram  submitted  shows 
that  speed  governs.) 

Speed,  Degree  of  Curve  and  Grade  of  Ap- 
proach. (Letter  shows  that  speed  alone  governs 
choice,  as  speed  fixes  Grade  of  Approach  and  De- 
gree of  Curve  affects  length  only.) 


Mainly    by    speed    and    degree   of    curve.     Topog- 
raphy somewhat. 


Topography,  Speed  and  Degree  of  Curve  within 
above    limits.      (Question    misunderstood.) 

Limit  speed  on  curves  to  50  miles;  and  on  3°  and 
over  to  from  40  to  45  miles.  Use  35-mile  and  50- 
mile  spirals. 

Speed.  Not  by  topography  except  in  mountain- 
ous country. 
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C,  R.  I.  &  p.  Ry., 
John  C.  Beye,  Lo- 
cating   Engineer.  .Yes 

C.  R.  R.  of  N.  J., 
Joseph  O.  Osgood, 
Chief    Engineer... 

D.,  L.  &  W.  R.  R., 
G.  J.  Ray,  Chief 
Engineer No 

E.  P.  &  S.  W.  Ry., 
J.  L.  Campbell, 
Engr.   M.    of  W... 

Erie  R.  R.,  W.  M. 
Dawley,  Assistant 
Engineer    Yes 

G.  R.  &  I.  R.  R., 
F.  J.  Stimson, 
Engr.  M.   of  W....Yes 

Grand  Trunk,  H.  G. 
Kelley,  Chief  En- 
gineer     Yes 


I.  C.  R.  R.,  H.  R. 
Safford,  Ch.  Engr. 
M.    of    W Yes 


I.  C.  R.  R.,  C.  W. 
Pifer,  Roadmaster.Yes 

L.  &  A.  R.  R.. 
F.  W.  Green,  Gen- 
eral Supt No 

L.  I.  R.  R.,  J.  B. 
Austin,  Jr.,  Engr. 
M.   of  W No 

Lehigh  Valley,  E.  B. 
Ashby,  Chief  En- 
gineer     Yes 

L.  S.  &  M.  S.  Ry., 
Willard  Beahan, 
Asst.    Engineer Yes 

M..  K.  &  T.  Ry., 
S.  B.  Fisher,  Chief 
Engineer    No 

N.  C.  &  St.  L.  R. 
R..  H.  McDonald, 
Chief    Engineer... 


N.  &  W.  R.  R., 
C.  C.  Wentworth, 
Prin.    Asst.    Engr..  No 

N.  Y.  C.  &  H.  R. 
R.  R..  G.  W.  Kltt- 
redge,    Ch.    Engr.. 

P.  &  L.  E.  R.  R., 
J.  A.  Atwood,  Ch. 
Engineer    Yes 


Speed.  25  miles  for  rough  mountain  lines,  40 
miles  for  main  lines.  As  a  rule,  spirals  do  not 
determine   the   choice  of  location. 


(Letter    indicates    that    speed    is    the    first    con- 
sideration.) 


Choose  spirals  so  that  rate  of  rise  shall  be  about 
IVs  inches  per  second. 

(Letter  indicates  that  speed  governs  except  in 
rare  cases  where  topography  limits  length  of 
spiral.) 

Speed  and  Degree  of  Curve.  (Latter  evidently 
only  as  it  affects  elevation  and  length  of  spiral, 
not  choice  of  spiral.) 


Speed    when    above   40    miles, 
when  over  3°. 


Degree    of   Curve 


1st,  Degree  of  Curve;  2d,  Topography;  3d,  Speed. 
For  the  reason  that  Degree  of  Curve  and  Topog- 
raphy are  present  factors,  while  Speed  is  an  inde- 
terminate factor   of   the   future. 

Topography,  Speed  and  Degree  of  Curve.  The 
value  of  each  of  these  factors  will  vary  according 
to  local  conditions.  The  best  possible  combination 
should  be  sought  in   each  case. 

Speed. 


Topography  within  limits  of  economical  prac- 
ticability. Speed  within  minor  limits.  Degree  of 
Curve  within  variable  limits. 

"High  Speed,  over  2°;  Degree  of  Curve,  over  2°." 
(2°  probably  refers  to  minimum  curve  spiral ed, 
and  Degree  of  Curve  probably  affects  length  only.) 


Speed    should    determine    within    practically    no 
limit. 


Degree  of  Curve,  0°  3',  up  to  maximum  curve  of 
line.      (Question    misunderstood.) 


(Rules  submitted   show  that   choice  of  spirals  Is 
governed  by   Degree  of   Curve  alone.) 


(No  new  lines.     Spiraling   of  old   track   governed 
irgely   by  topographical  conditions.) 


(Letter   indicates   that   speed  governs.) 

(A  single  spiral  whose  length  is  100  feet  per  de- 
gree of  curve  is  used  for  all  curves  from  1°  to  2°, 
irrespective  of  speed.  For  curves  of  over  2°  a 
uniform    length    of    200    feet    is    used.) 


Speed    and   Degree   of   Curve, 
only  as  it  limits  speed.) 


(Latter   evidently 
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p.  &  L.  E.  R.  R., 
Edwin  F.  Wendt, 
Asst.    Engineer Yes 

Penna.  Lines  West, 
W.  C.  Gushing, 
Ch.  Eng.  M.  of  W.Yes 

Penna.  Lines  West, 
R.  Trimble,  Ch. 
Engr.    M.    of   W... 

Ponna.  Lines  West, 
Frank  Rhea,  Engr. 
M.   of   W 

Philippine  Railways, 
Wm.  B.   Poland... Yes 

St.  L,.  &  S.  F.  R.  R., 

C.  D.        Purdon, 
Consult.    Engr No 

Seaboard  Air  Line, 
J.  C.  Nelson, 
Engr.    M.    of   W. .  .Yes 

Transcontinental, 

D.  MacPherson, 
Asst.    Ch.    Engr.... Yes 

W.  P.  Ry.,  V.  G. 
Bogue,  Vice-Prest. 
and    Chief   Engr. ..Yes 


Speed    up    to    7-in.    elevation.      Degree    of    Curve 
;nly  as  it  limits  speed. 


Speed   and   Degree   of  Curve.      (Latter   evidently 
refers    only   to   minimum   curve  spiraled.) 


(Rules    submitted    show    that    speed    is    the    only 
consideration.) 


Length  of  spirals. 04080   D   V».     (Choice   of  spiral 
depends    solely   on    Speed.) 


(Three  spirals  used,  dependent  on  three  classes 
of   Speed.) 

Degree  of  Curve,  1°  and  over.  (Question  evi- 
dently misunderstood  as  applying  to  minimum 
curve  spiraled.) 


Speed   and  Degree  of  Curve. 

Topography  until  it  affects  cost.  Degree  of 
Curve  until  it  affects  cost  or  shortens  tangents 
below  permissible  length. 
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Name  of  Road  and  Member. 


A.,    T.    &   S.    F.   Ry.,   J.   M.    Meade, 
Engr.    E.    Gr.    Div 

A.,    T.    &    S.    F.    Ry.,    C.    A.    Morse, 
Chief    Engineer 

B.   &   O.  R.   R.,    H.    R.   Talcott.   En- 
gineer of   Surveys 

B.    &    O.    R.    R.,    A.   W.    Thompson, 
Chief  Engr.  Maintenance  of  Way. 

B.     &    O.     R.     R.,     J.    B.     Jenkins, 
Assistant    Engineer 

B.  &   O.   R.   R.,   E.   G.   Lane,   Engi- 
neer Maintenance  of  Way 

B.  &  S.   R.   R.,   H.  C.   Landon,  En- 
gineer  Maintenartce   of  Way 

C.  B.  &.  Q.  R.  R.,  George  H.  Brem- 
ner,   Engr.  Maintenance  of  Way. 


C.    C,    C.   &   St.   L.,    A.    L.   Kuehn, 
Engineer   Track  and  Roadway... 


In  your  experience,  what  per  cent,  can  the 
speed  he  exceeded,  without  discomfort, 
over  the  calculated  speed  for  which  the 
rails  are  elevated  t 


25  per  cent,  over  actual  calculated. 


About  15  per  cent. 

100  per  cent.  A  30-miIe  superelevation 
can  be  run  over  at  60  miles  per  hour  very 
comfortably  on  a  3°  curve. 


Maximum   safe   speed. 

20  per  cent,  on  curves  which  have  about 
S  inches  elevation. 

Have  not  made  any  decision  to  my  own 
satisfaction. 


About   20   per  cent. 

20  miles  per  hour. 

Varies  with  curvature,  speed  and  track 
line  and  surface.  May  be  extended  10 
per  cent,  in  high  speeds  and  good  track 
conditions,  and  may  be  extended  50  per 
cent,  in  low  speeds  and  good  track  con- 
ditions. 
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C    C,    C.    &    St.    L.,    R.    Ferriday, 
Engr.  M.  of  W.,  P.  &  E.  Ry 

C.    I.    &  L.    Ry.,    A.    S.   Kent,   Di- 
vision   Engineer 

C.  P.   R.,  F.   P.  Gutelius,   Assistant 
Chief  Engineer 

C,  R.  I.  &  P.  Ry.,  A.  K.  Shurtleff, 
Office  Engineer 

C,   R.  I.  &  P.   Ry.,  Garrett  Davis, 
Superintendent 

C.   R.   I.  &  P.  Ry.,   John  C.  Beye, 
Locating    Engineer 

C.   R.   R.   of  N.    J.,    Joseph  O.    Os- 
good,   Chief    Engineer 

D.,    L.    &    W.    R.    R.,    G.    J.    Ray, 
Chief   Engineer 


E.  P.  &  S.  W.  Ry.,  J.  L.  Campbell, 
Engineer  Maintenance  of  Way... 


Erie  R.  R.,  W.  M.  Dawley,  Assist- 
ant   Engineer 

G.    R.    &   I.    R.    R.,    F.    J.    Stimson, 
Engineer  Maintenance  of  Way... 

Grand  Trunk,   H.   G.  Kelley,    Chief 
Engineer    

I.    C.    R.    R.,    H.    R.    Safford,    Chief 
Engineer  Maintenance  of  Way... 

L.  &  A.  R.  R.,  F.  W.  Green,  Gen- 
eral   Superintendent 

L.  I.  R.  R.,  J.  B.  Austin,  Jr.,  Engi- 
neer Maintenance  of  Way 

D.  &  N.   R.  R.,  J.  F.   Burns,  Road- 
master 

Lehigh  Valley,   E.   B.  Ashby,   Chief 
Engineer 

L.  S.  &  M.  S.  Ry.,  Willard  Beahan, 
Assistant    Engineer 

M..  K.  &  T.  Ry.,  S.  B.  Fisher,  Chief 
Engineer 

N.  C.   &  St.  L.  R.  R.,  Hunter  Mc- 
Donald,   Chief  Engineer 

N.  Y.  C.  &  H.  R.  R.  R.,  George  W. 
Kittredge,    Chief   Engineer 


Not  over  10  per  cent. 
25  per  cent. 

25  per  cent. 

Could  not  state.  Have  passed  over  a 
"35-mile"  spiral  at  50  miles  per  hour 
without  shock   or  discomfort. 

20  per  cent. 

About  40  per  cent. 

Our  experience  shows  that  the  speed 
for  which  rails  are  elevated  can  be  ex- 
ceeded by  25  per  cent,  without  discomfort. 

15  per  cent,  to  25  per  cent.,  using  the 
lower  percentage  for  higher  speeds  and 
the  higher  for  the  lower  speeds. 

If  the  elevation  of  a  curve  is  properly 
adjusted  to  40  miles  per  hour,  I  think  a 
train  can  pass  over  it  at  50  miles  per 
hour  without  appreciable  discomfort  to 
passengers. 

25  per  cent. 

20  per  cent.,  or  48  miles,  where  elevated 
for  40  miles  per  hour. 

20  per  cent. 

25  per  cent. 

20  per  cent. 

10  per  cent. 

Ordinarily  about   10  miles  per  hour. 

25  per  cent. 

20  per  cent. 

Think  about  50  per  cent.,  but  have  not 
observed  carefully. 

Considerable  discomfort  is  experienced 
in  operating  train  around  a  6°  curve  at 
70   miles    per   hour  with   an    elevation   of 

S  inches. 

From  observation,  I  believe  that  a 
speed  of  25  to  30  per  cent,  in  excess  of 
the  calculated  speed  for  which  the  rails 
are  elevated  can  be  maintained  with 
safety  and  with  but  little  discomfort. 
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P    &   L.   K.   R.    R.,   J.   A.   Atwood, 
Chief   Engineer 


P.  &  L.  E.  R.  R.,  Edwin  F.  Wendt, 
Assistant   Engineer 


Penna.    Lines   West,    W.    C.    Gush- 
ing,   Chief   Engr.   M.    of  Way 


Penna.    Lines    West,    Frank    Rhea, 
Engineer  Maintenance  of  Way... 


Philippine    Railway    Co.,    Wm.    B. 
Poland,  Vlce-Pres.  and  Ch.  Engr. 


St.  L.  &  S.  F.  ,R.  R.,  CD.  Purdon, 
Consulting  Engineer 


Seaboard    Air   Line,    J.    C.    Nelson, 
Engineer  Maintenance  of  Way.. 


Transcontinental,    D.    MacPherson, 
Assistant  Chief  Engineer 


W.    P.    Ry.,    V.    G.    Bogue,    Vice- 
President   and   Chief  Engineer.., 


Per  cent,   varies  with  degree  of  curve. 

In  our  experience  the  actual  speed  al- 
lowed should  not  theoretically  require  a 
superelevation  exceeding  that  in  the  track 
by  more  than  3  inches,  preferably  2 
inches. 


20  per  cent,  within  practicable  speed. 

30  per  cent,  for  small  degree  curves. 
Doubt  if  6°  or  7°  curves  would  allow 
30  per  cent,  increase  without  some  little 
discomfort. 


10  to  15  miles  per  hour. 

Have  ridden  a  3°  curve,  elevated  4 
inches  (=45  miles),  at  70  miles  without 
discomfort.  Equals  about  50  per  cent. 
excess.     Do  not  recommend  it  as  a  rule. 


About  15  per  cent. 

I  consider  that  train  can  be  safely  run 
up  to  60  miles  per  hour  over  track  ele- 
vated for  40  miles  per  hour  without  dis- 
comfort   to    passengers. 


10  per  cent. 


Question  i.    Minimum  Degree  of  Curve   on  which  Spirals  are  used. 

While  the  individual  replies  indicate  that  this  minimum  has  usually 
been  arbitrarily  fixed,  yet,  the  mininium  having  been  so  fixed  as  a 
result  of  experience  and  observation,  the  average  should  indicate  in  a 
rough  way,  at  least,  the  actual  requirements  under  varying  speed 
conditions. 

The  requirements,  as  indicated  by  these  replies,  may  be  broadly 
stated: 

For  sixty  miles  per  hour  all  curves  of  i  degree  and  over  should 
be   spiraled. 

For  other  speeds  the  minimum  curve  to  be  spiraled  should  vary 
inversely  with  the   speed. 

As  the  elevation  of  the  outer  rail  varies  directly  with  the  degree 
of  curve  and  as  the  square  of  the  speed,  and  as  the  time  consumed 
in  attaining  a  given  elevation  (if  at  a  fixed  rate)  is  inversely  as  the 
speed,  there  appears  to  be  sufficient  theoretical  grounds  to  sustain  the 
above  indicated  relation  between  speed  and  minimum  curve  to  be 
spiraled.  But  there  are  other  factors  which  make  tenable,  at  least, 
arguments  in  favor  of  the  minimum  curve  varying  in  other  proportions. 

Question  2.    Minimum  Offset  between   Tangent  and  Circular  Curve  and 
Minimum  Length  of  Spiral. 
The   replies  to  this  question   are  of  more  interest   as   indicating  the 
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extremes    of    opinion    or    practice    than    as    indicating    the    requirements 
of  practice. 

Some  would  introduce  spirals  (presumably  only  in  particular  cases; 
where  the  offset  between  the  tangent  and  spiraled  curve  is  only  o.oi  ft., 
while  one  answer  indicates  that  1.14  ft.  is  the  smallest  offset  that 
would  be  used.  The  minimum  length  of  spiral  used  varies  from  15  ft. 
to    17s    ft. 

It  is  difficult  to  understand  the  practical  use  of  a  spiral  with  an 
offset  of  only  o.oi  ft.,  as  the  maximum  ordinate  in  this  case  would 
be  only  0.04  ft.  and  the  engine  would  travel  over  the  entire  length 
of  the  spiral  before  the  wheel  flange  would  come  in  contact  with  the 
rail;  the  only  effect  would  be  to  slightly  decrease  the  angle  of  contact. 

If  it  is  assumed  that  half  the  spiral  shall  come  into  play  in  order 
to  be  of  material  benefit,  the  minimum  offset  would  be  about  0.08  ft. 
While  it  is  entirely  practicable  to  stake  a  spiral  with  a  smaller  offset 
and  to  line  track  therefor,  it  would  appear  that  with  this  offset  we 
are  at  least  approaching  the  limit  of  usefulness  of  the  spiral. 

The  same  line  of  argument  applies  in  some  degree  to  the  minimum 
length  of  spiral  to  be  used.  A  thirty-ft.  spiral,  with  degree  of  curve 
increasing  at  the  rate  of  10°  per  station,  would  have  an  offset  of 
only  0.02  ft. 

A   60-ft.    spiral   would   have   the    following   oft'sets : 

10°  per  station 0.16    ft. 

5°  per  station 0.08   ft. 

2°  per  station 0.03    ft. 

I  °  per  station 0.016  ft. 

In  view  of  the  varying  speeds  to  which  these  spirals  are  applicable, 
it  is  doubtful  if  there  would  be  any  material  difference  in  the  riding 
qualities  of  an  unspiraled  curve  and  a  curve  with  a  spiral  60  ft.  long. 

It  does  not  appear,  however,  that  a  fixed  minimum  length  of  spiral 
would  be  applicable  to  all   speeds. 

Question  S-     Safe  Minimum  Distance  for  which  Elevation  should  be  run 

out  for  Low  Speeds. 

The  replies  to  this  question  also  vary  widely.  Possibly  some  of 
this  variation  results  from  a  misinterpretation  of  the  question,  which 
might  have  been  better  understood  if  it  had  read  "minimum  safe 
distance." 

While  some  give  this  distance  as  high  as  66  ft.  and  several  others 
give  60  and  50  ft.,  the  number  of  replies  which  give  10  and  15  ft. 
indicates  that  there  is  no  danger  of  derailment  with  this  rate  of  runoff 
if  the  track  is  in  good  line  and  surface. 

The  question  is  one  of  sidebearing  clearances  and  rigidity  of  car 
body. 

Your  Committee  had,  at  one  time,  collected  considerable  data  m 
regard  to  short  runoffs;  in  no  instance  where  the  runoff  was  i  in.  in 
ID   ft.    or    more    and    the    movement    slow    was    there    any    trouble ;    in 
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several  cases,  witli  i  in.  in  12  or  12.5  ft.,  there  was  a  movement  of 
thirty  or   more   trains   per   day. 

In  a  number  of  cases  where  the  runoff  was  i  in.  in  6  ft.  to  i  in. 
in  9  ft.  there  had  been  deraihnents;  but  these  deraihnents  had  been  so 
infrequent  as  to  necessarily  indicate  that  they  only  resulted  from  a 
combination  of  the  extraordinarily  short  runoff  with  some  other  defect, 
either  in  track  or  cars. 

In  this  connection  attention  is  called  to  the  letter  of  Edwin  F. 
Wendt,  dated  August  3,   1908. 

Question  4.     The  most  satisfactory  Distance  for  zuhich  Elevation  should 

be  run  out  for  Low  Speed. 

This  is  not  a  question  of  great  importance,  as  the  elevation  would 
necessarily  be  slight,  and  the  total  length  of  runoff  therefore  small. 
The  wide  variation  in  the  replies,  though  all  apparently  based  on  past 
experience,  is  somewhat  disappointing  and  confusing. 

Your  Committee  would  consider  the  most  satisfactory  distance  to 
be  the  shortest  -possible  distance  which  would  be  absolutely  safe  under 
all  conditions  where  a  speed  is  not  a  factor. 

Question   5.     The    most  satisfactory   Distance    for  various   Speeds. 

The  replies  bear  out  the  well-established  principle  that  the  distance 
per  in.  of  elevation,  for  the  higher  speeds,  should  be  arithmetically 
proportional  to  the  speed ;  that  is,  that  the  elevation  should  be  increased 
by  a  given  amount  per  second. 

The  average  of  all  replies  would  fix  the  distance  in  feet  at  about 
iJ4  times  the  speed  in  miles  per  hour,  equivalent  to  a  rate  of  about 
I  1-6  in.  per  second. 

The  proper  ratio  between  speed  and  rate  of  runoff  should  be  very 
carefully  determined,  affecting,  as  it  does,  the  length  of  all  spirals  and 
the  offset  from  tangent  to  circular  curve. 

In  spiraling  old  track  the  amount  of  offset  is  an  important  factor 
of  the  cost  of  the  work;  if  the  offset  is  great  it  is  frequently  neces- 
sary to  make  a  complete  relocation  and  to  construct  a  new  roadbed. 

In  new  location  the  length  of  spiral  not  only  has  a  very  great 
effect  on  the  cost  of  the  line,  but,  when  tangents  are  necessarily  short 
or  when  the  external  distance  is  limited,  it  largely  determines  the 
degree  of  curve.  For  example,  if  the  central  angle  of  a  curve  is  60 
degrees  and  the  total  distance  available  for  circular  curve  and  spiral 
is  only  1,600  ft.,  a  spiral  whose  curvature  increases  2  degrees  per 
station  would  permit  a  4°  20'  curve  being  used,  while  a  spiral  increas- 
ing  I   degree  per  station  would  require  a  6-degree  curve. 

In  general,  therefore,  if  it  can  be  shown  that  a  smaller  ratio  be- 
tween runoff  and  speed  will  give  as  good  results  as  a  larger  ratio, 
the  use  of  the  former  would  not  only  effect  large  economies  in  con- 
struction, but  would  permit  the  location  of  a  line  with  lighter  curvature, 
thus   increasing  the  maximum  speed. 
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There  can  be  no  doubt  as  to  the  riding  quahties  of  a  long  spiral 
carefully  maintained,  but  in  considering  whether  shorter  spirals  will  not 
give  good  results,  with  resultant  economies,  the  testimony  of  those 
who  have  satisfactorily  used  the  shorter  spirals  deserves  careful  atten- 
tion. 

Your    Committee    would    again    refer    to    the    letter    of    Edwin    F. 
Wendt  as  being  of  especial   interest. 
Question   6.    Nezv  Location  governed   mainly   by   Topography,  Speed   or 

Degree    of    Curve. 

This  question  was  partly  prompted  by  the  reference  of  nearly  all 
authors  to  the  flexibility  of  the  spiral  in  fitting  a  location  to  the 
ground,  it  being  doubted  if  any  general  use  was  made  of  this  property 
of  the  spiral,  or  if  any  such  application  was   desirable. 

While  the  import  of  the  question  was  not  grasped  by  all,  it  li 
evident  from  the  replies  that  topography  governs  the  choice  of  spiral 
in  only  very  rare  and  exceptional  cases ;  that  schedule  speed  is  the 
foremost  factor  in  current  practice  in  governing  rate  of  runoff  and 
consequently  in  governing  choice  of  spiral ;  but  there  is  a  well-defined 
tendency  among  a  few  roads  to  disregard  schedule  speed  altogether 
as  something  that  is  liable  to  frequent  change,  and  to  make  the  govern- 
ing factor  either  the  degree  of  curve  to  be  spiraled  or  the  maximum 
speed  as  limited  by  the  maximum  curve. 
Question  7.     Spirals   made  part   of  Permanent  Alinement. 

The  replies  indicate  that  this   is  the  more  common  practice. 

Question  8.     Amount  which   calculated  Speed,   for  luhich   Rails  are   ele- 
vated, may  be  exceeded  without  discomfort. 

This  is  so  largely  a  matter  of  personal  opinion  as  to  what  consti- 
tutes discomfort  that  the  replies  of  necessity  vary  widely. 

It  seems  evident  that  if  the  theoretical  speed  is  exceeded  more 
than  IS  or  20  per  cent,  on  a  curve  having  8  in.  elevation,  or  if  the 
required  elevation  exceeds  the  actual  elevation  by  more  than  ^Yz  to  3^2 
in.,  there  would  be  discomfort  to  a  considerable  proportion  of  the 
passengers.  While  this  is  a  very  vague  statement,  it  is  doubtful  if  any 
more  definite  conclusion  can  be  reached. 

GENER.\L    DISCUSSION    ON    SPIRALS. 

If  spirals  are  to  be  made  as  much  a  portion  of  the  permanent 
alinement  as  the  circular  curves,  something  more  tangible  than  the 
existing  schedule  speed  should  be  used  to  determine  the  nature  of 
spirals  to  be  used  in  conjunction  with  various  curves. 

For  example,  an  elevation  of  8  in.  would  be  required  on  a  3-degree 
curve  for  a  speed  of  63.5  miles  per  hour.  If  such  a  curve  were 
spiraled  for  a  schedule  speed  of  50  miles  per  hour,  the  result  would 
be  to  permanently  limit  the  speed  to  50  miles;  while  if  spiraled  for 
63.5    miles   per   hour,    the    rail    could   be    elevated    for   any    speed    below 
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63.5  miles  without  change  of  alinement  by  changing  the  rate  of  runoff 
inversely  as  the  square  of  the  speed. 

It  may  be  assumed  that  adjacent  curves  may  so  limit  the  speed 
as  to  prevent  the  realization  of  the  full  speed  which  could  otherwise 
be  attained  on  the  curve  in  question;  but  in  making  such  assumption 
due  consideration  should  be  given  to  the  possibility  of  the  sharper 
curves  being  so  reduced  as  to  make  the  curve  in  question  the  limiting 
factor  as  to  speed. 

If  the  3-degree  curve  cited  above  were  located  between  two  6-degree 
curves,  which  would  probably  not  be  reduced,  it  would  be  proper  to 
spiral  the  3-degree  curve  for  a  speed  of  about  45  miles  per  hour,  as 
limited  by  the  6-degree  curves ;  but  if  the  expected  traffic  were  likely 
to  justify  the  future  reduction  of  these  curves  and  if  this  would  be 
done  without  changing  the  intermediate  alinement,  then  the  3-degree 
curve   should   be    spiraled   for   63.5    miles    per   hour. 

Briefly  staled,  no  spiral  should  be  chosen  which  will  place  a  limit 
on  speed  below  that  which  results  from  other  conditions,  and  each 
spiral   should  be  as  permanent  as   its   respective   circular   curve. 

An  elevation  of  8  in.  is  the  maximum  recommended  as  good  prac- 
tice, but  it  is  by  no  means  the  most  desirable  elevation  to  be  used 
in  all   cases   for  the  maximum   degree   of  curve. 

Similarly  there  should  be  some  rate  of  runoff  for  elevation  recom- 
mended as  the  maximum  to  be  used  in  good  practice,  even  though  this 
rate  should  not  be  the  most  desirable  under  all  conditions. 

Other  conditions  being  equal,  long  spirals  adversely  affect  degree 
of  curve,  while  light  curvature  adversely  affects  the  length  of  spiral. 
As  sharp  curves  and  short  spirals  are  usually  the  result  of  the  same 
topographical  conditions,  the  best  results  are  likely  to  be  obtained 
through  a  proportionate  or  equal  degree  of  perfection  in  alinement  as 
to  degree  of  curve  and  length  of  spiral. 

Quoting  the  letter  of  C.  J.  Parker,  Principal  Assistant  Engineer  of 
the   New  York  Central  &   Hudson   River   Railroad   Company: 

"The  maximum  rale  of  speed  at  which  a  train  can  travel  over 
a  curve  where  the  runoff  is  i  in.  in  120  ft.,  without  disagreeable  effects 
due  to  too  rapid  tipping  of  cars,  is  65  to  70  miles  per  hour,  and  where 
the  runoff  is   i  in.  in  60  ft.  a  speed  of  45  to  50  miles  per  hour." 

According  to  the  practice  of  that  road  the  runoff'  does  not  coincide 
with  the  spiral ;  but  for  light  curves  and  high  speeds  the  runoff  is 
mainly  on  tangent,  while  for  sharper  curves  and  lower  speeds  the 
proportion  of  runoff  on  spiral  increases  and  is  usually  not  less  than 
five-ninths.  It  is  seen  from  this  letter,  then,  that  the  elevation  may  be 
increased  much  more  rapidly  on  spiral  than  on  tangent  without  dis- 
comfort, the  rate  on  tangent  being  about  %-in.  per  second  or  a  runoff 
of  I  in.  in  a  distance  in  feet  equal  to  about  1^4  times  the  speed  in 
miles  per  hour ;  while  with  a  runoff  largely  on  spiral  (but  partly  on 
tangent)   the  rate  may  be  about   1%    in.  per  second. 
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If  it  were  possible  to  run  all  trains  at  the  exact  calculated  speed 
for  which  the  rail  is  elevated,  tliere  would  be  no  discomfort  from  too 
rapid  tipping  of  the  cars  or  from  change  in  centrifugal  force  if  the 
elevation  began  at  the  begiiming  of  the  spiral  and  reached  the  full 
amount  at  the  beginning  of  the  circular  curve,  no  matter  how  short 
the  runoff  might  be,  as  the  resultant  of  centrifugal  force  and  gravity 
would,  at  all  times,  be  normal  to  the  plane  of  the  track.  If,  however, 
the  train  is  moving  at  any  other  than  the  calculated  speed,  the  resultant 
of  forces  will  no  longer  be  normal  to  the  track;  and  the  rapidity  of 
movement  of  this  resultant  from  a  normal  line  will  be  a  measure  of 
the   discomfort. 

Let  V  =  speed  in  miles  per  hour  for  which  rail  is  elevated. 

Let  V  =  actual   speed. 

Let  £  =  elevation   of  outer   rail   in   inches.  . 

Let  E'=  proper  elevation  for  speed  V. 

Let  L  =  length   of  spiral   in   feet. 

Then,  assuming  that  the  tipping  of  the  cars  on  tangent  at  the 
rate  of  %-in.  per  second  or  i  in.  in  1^4  V  ft.  is  the  point  where 
discomfort   begins, 

L 

—■  1-75  f^'  when  V  is  less  than  V 


-£' 

L  /        E' 

—  —1.75  I- 
E 

L 
E 


which  becomes  a  maximum  when   F'^FVj/^;   substituting  this  value 
L 

—  =  0.68  V 
E 
When  V  is  greater  than   V , 


L 

=  1.75  V',ox  —  =  1.75  r' 


[{;•)■-] 


E'—E 

L 
which  gives  the  following  values  of  — : 

E 

V 

—  =  i.io       1. 15       1.20       1.30       1.40 
V 

L 

—  =  o.4oV  0.65  V  0.92  V  1.57  V  2.35  V 
E 

Hence  there  will  be  no  discomfort  from  too  rapid  increase  of  cen- 
trifugal force  or  too  rapid  tipping  of  cars  at  any  speed  under  1.15 
times  the  calculated  speed  if  the  length  of  spiral  per  inch  elevation 
equals   two-thirds   of   the   calculated    speed   in   miles   per  hour. 


I 
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L  V 

Although  the  ratio  of  —  to  F  increases  rapidly  when  —  exceeds  1.15, 
E  V 

it  must  be  remembered  that  the  point  of  discomfort  is  being  approached 
if   not   overreached    through    another    cause,    i.    c.,    insufficient    elevation ; 

V 
when  —  =  1.40   the    maximum    safe    speed    for    8    in.  elevation  has  been 

V 
reached. 

It  is  worthy  of  note  that  the  spirals  in  use  on  the  Pittsburg  &  Lake 
Erie  Railroad — and  found  to  be  the  most  satisfactory  as  a  result  of 
twenty  years'  experiment   and   experience — have   approximately   the  same 

L 
ratio    (  —  :=  2/3  V)    that   the  above   theoretical   examination    would   indi- 

E  \ 

cate  as  giving  results  entirely  free   from  discomfort. 

While  some  discomfort  may  possibly  be  added  to  that  already  pro- 
duced by  excessive  centrifugal  force,  by  a  too  rapid  increase  in  cen- 
trifugal force  of  a  train  moving  at  the  maximum  safe  speed  on  a  curve 
elevated  8  in.  at  a  rate  of  runoff  of  L/E  =  2/2,V,  the  fact  that  the 
resulting  rate  of  increase  of  unbalanced  centrifugal  force  is  much  below 
that  resulting  from  the  standard  of  practice  on  the  New  York  Central 
Lines,  proves  that  L/E  =  2/3  V  will  give  results  within  a  wide  margin 
of  safety  under  the  most  adverse  speed  conditions. 

There  is  naturally  some  practical  limit  to  the  application  of  the 
ratio  2/3;  for,  while  the  calculated  speed  for  a  20-degree  curve  with 
8  in.  elevation  is  24.6  miles  .per  hour,  it  would  not  be  the  best  practice 
to  increase  the  elevation  at  a  rate  of  i  in.  in  16.4  ft.,  though  it  is 
probable  that  it  would  be  quite  safe.  While  it  is  difficult  to  determine 
what  this  practical  limit  should  be,  the  assumption  that  it  is  reached 
when  the  rate  of  runoff  becomes  i  in.  in  30  ft.  will  not  result  in  un- 
duly lengthening  spirals  for  the  sharper  curves. 

Assuming  this  rate  for  speeds  of  45  miles  and  under,  calculated  for 
8  in.  elevation  and  adhering  to  the  principle  that  each  spiral  shall  be 
adaptable  to   the   maximum   speed,   it   follows    that : 

(i)  For  all  curves  of  6  degrees  and  over  which  are,  or  are  liable 
through  revision  of  alinement,  to  become  limiting  curves  as  to  speed, 
spirals  not  less  than  240  ft.  long  should  be  used,  even  if  it  is  necessary 
to  increase  the  degree  of  curve  in  order  to  obtain  this  length. 

(2)  For  all  curves  under  6  degrees  which  are,  or  are  liable  through 
revision  of  alinement,  to  become  limiting  curves  as  to  speed,  spirals 
should  be  used  whose  length  in  feet  equals  not  less  than  sVi  times  the 
speed  in  miles  per  hour  calculated  for  an  elevation  of  8  in.,  even  if 
necessary  to  increase  the  degree  of  curve  in  order  to  obtain  this  length. 
Such  spirals  will  have  a  minimum  offset  between  tangent  and  circular 
curve  of  2.5   ft. 
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(3)  For  all  curves  which  are  not  liable  to  become  limiting  curves 
as  to  speed,  spirals  should  be  used  whose  length  in  feet,  when  the  rail 
is  elevated  for  the  maximum  possible  speed,  will  be  not  less  than  30 
times  the  elevation  in  inches  nor  two-thirds  the  maximum  speed  in 
miles  per  hour  times  such  elevation  in  inches.  Degree  of  curve  should 
be  increased,  if  necessary,  to  obtain  this   length. 

TABLE  OF  MINIMUM  SPIRAL  LENGTHS  FOR  LIMITING  CURVES. 


Limiting  Degree  of 
Curve. 

Speed  Calculated  for  8 
Inches  Elevation. 

Minimum  Length 
of  Spiral. 

Minimum  Length 
per  Degree. 

1°30' 

89.9 

479.4 

319.6 

2° 

77.9 

415  2 

207.6 

3° 

63  6 

339.0 

113  0 

4° 

55.0 

293.6 

73  4 

5° 

49.2 

262.6 

52.5 

6° 

44.9 

240 

40 

8° 

38  9 

240 

30 

10° 

34  8 

240 

24 

12° 

31.8 

240 

20 

14° 

29.4 

240 

17.14 

16° 

27.5 

240 

15 

18° 

26.0 

240 

13  33 

20° 

24.6 

240 

12 

TABLE  OF  MINIMUM  SPIRAL  LENGTHS  FOR  MAXIMUM  LIMITS  OF  SPEED  FOR 
8  INCHES  ELEVATION. 


Maximum  Limit  of  Speed. 

Minimum  Length  of  Spiral  per  Degree  of  Curve. 

20 

7.92 

25 

12  375 

30 

17.82 

35 

24.255 

40 

31   68 

45 

40.095 

50 

55.00 

55 

73.205 

60 

95.04 

65 

120.835 

70 

150.92 

75 

185.625 

80 

225.28 

85 

270.215 

PO 

320.76 
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The  lengths  in  the  above  tables  may  be  taken  as  the  minimum 
length,  as  nearly  as  may  be  determined,  which  will  give  satisfactory 
results  under  all  speed  conditions;  longer  spirals  may  be  used  when 
desired,  but  never  at  the  expense  of  degree  of  curve,  and  only  after 
careful  study   when  cost  is  affected. 

The  minimum  length  of  spiral  for  any  curve  may  be  expressed  by 
the   two  formulas: 

L  =  .0198  D  V^  when  F  =  45  or  under,  and 

L  =  .00044  D  V*  when  F  =  45  or  over,  where  L  =  length  of  spiral 
in  feet,  D  =  degree  of  curve,  and  V  =  speed  for  existing  or  probable 
future  limiting  curve,  calculated  for  8  in.  elevation. 

It  is  becoming  common  practice  to  limit  elevation  to  6  in.  on  maxi- 
mum curves;  the  above  rules,  applied  to  this  practice,  would  give  a 
runoff  of  I  iri.  in  not  less  than  40  ft.  for  curves  of  6  degrees  and  over, 
and  approximately  i  in.  in  a  number  of  feet  not  less  than  the  speed  in 
miles  per  hour,  calculated  for  an  elevation  of  6  in.  for  curves  under 
6  degrees,  with  resultant  tipping  of  cars  at  a  rate  not  exceeding  i]/^  in. 
per  second. 

To  illustrate  the  practical  limit  to  which  the  spiraling  of  curves 
may  be  carried,  I   submit  the   following  table: 


TABLE  SHOWING  THE  RELATIVE  LENGTHS  OF  SPIRALS  AND  SPIRAL  OFF 
SETS  REQUIRED  FOR  VARIOUS  CURVES  WITH  2  INCHES  MAXIMUM  ELEV. 


D 

E 

V 

L 

0 

0°15' 

2" 

110.1 

146.8 

0.04 

0°30' 

2" 

77.9 

103.8 

0  04 

0°45' 

2" 

63.6 

84.75 

0  04 

1°00' 

2" 

55.0 

73.4 

0.04 

1°  15' 

2" 

49.2 

65.65 

0.04 

1°30' 

2" 

44.9 

60.0 

0.04 

2°  00' 

2" 

38.9 

60.0 

0.05 

3°  00' 

2" 

31.8 

60.0 

0.08 

4°  00' 

2" 

27.5 

60.0 

0.10 

5°  00' 

2" 

24.6 

60  0 

0.13 

10°  00' 

2" 

17.4 

60.0 

0.26 

15°  00' 

2" 

14.2 

60.0 

0.39 

20°  00' 

2" 

1              12.3 

60.0 

0.52 

Your  Committee  would  recommend  that  all  curves  be  spiraled  which 
would   require  2  in.   elevation   for  the  highest   possible   speed. 

Under  this  rule,  taken  together  with  the  preceding  rules  as  to  length 
of    spiral,    it    follows    that    no    spiral    will    have    a    length    of   less    than 
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60  ft.  nor  an  offset  of  less  than  one-half  in.  between  tangent  and  cir- 
cular curve;  any  additional  statement  of  the  restriction  as  to  minimum 
degree  of  curve  to  be  spiraled  is  thus  seen  to  be  unnecessary. 

SPIRAL    FORMULAS. 
PROGRESS    REPORT. 

AH  formulas  for  spirals  which  have  been  published  or  which  have 
come  into  general  use,  so  far  as  they  have  been  examined  by  your 
Committee,  appear  to  be  open  to  one  of  these  objections: 

(i)  They  are  too  complicated  for  convenience  in  field  work  and 
in  calculations. 

(2)  They  are  in  the  form  of  infinite  series,  giving  slightly  varying 
results  dependent  on  the  number  of  terms  used. 

(3)  They  are  roughly  approximate  and  not  mathematically  related 
one  with  another. 

These  faults  are  largely  inherent  in  the  spiral  itself;  and  the  deriva- 
tion of  simple  and  accurate  formulas  is  further  complicated  by  the 
formula  for  the  radius  of  a  simple  curve,  i?  =;  50  cosec  V2  D. 

It  is  evident  that  no  simple,  and  at  the  same  time  mathematically 
exact,  formulas  can  be  found  to  express  the  relations  between  various 
functions  of  the  spiral,  if  it  is  to  be  measured  by  chords  of  unvarying 
length,  as  of  100  ft.  The  spiral  must  be  considered  as  being  measured 
(a)  along  the  arc,  or  (b)  by  chords  having  a  fixed  relation  to  the  de- 
flections for  all  spirals,  or   (c)   by  a  uniform  number  of  equal  chords. 

A  spiral  based  on  (a)  is  most  capable  of  theoretical  examination, 
but  produces  formulas  in  the  form  of  infinite  series  and  has  the  addi- 
tional disadvantage  that  it  is  impracticable  to  make  the  field  methods 
conform  with  the  theory  when  large  central  angles  are  involved. 

A  spiral  based  on  (b)  is  inconvenient  for  field  use,  requiring  too 
wide  a  variation  in  length  of  chord  for  different  spirals. 

A  spiral  based  on  (c)  is  readily  examined  as  to  the  relation  be- 
tween its  functions,  the  calculated  spiral  is  capable  of  being  reproduced 
on  the  ground  in  exact  conformity  with  the  theory,  and  such  deviation 
from  the  theoretical  chord  lengths  as  may  be  made  for  convenience  in 
field  work  involve  only  a  fractional  part  of  the  inaccuracy  that  is  in- 
herent in  spirals  based  on   (a)  and   (b). 

If  all  spirals  are  theoretically  considered  as  being  measured  in 
ten  equal  chords,  it  will  be  found  that  when  a  short  spiral  or  a  spiral 
with  small  central  angle  is  measured  in  a  smaller  number  (either  whole 
or  fractional)  of  chords,  or  when  any  spiral  of  large  central  angle  is 
measured  in  chords  roughly  approximating  one-tenth  the  length  of  spiral, 
the  resulting  error  is  negligible  and  much  smaller  than  the  error  re- 
sulting from  the  difference  between  chord-measurement  and  arc-meas- 
urement. For  spirals  of  extreme  length,  stakes  may  be  set  at  half- 
chord  intervals  by  measuring  alternately  half-chord  and  full-chord  dis- 
tances, the  latter  only  roughly  approximating  one-tenth  the  spiral  length 
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wlicn  it   is   desired  to  use   a  chord   length    which   is   an   aHquot   part   of 
loo  ft. 

Let  L=:  length  of  spiral  in  feet,  measured  in  ten  equal  chords. 
C  =  long  chord  of  spiral. 
D  =  degree  of  circular  curve. 
R  =  radius  of  circular  curve. 
/  =  angle  of  intersection  between  tangents. 
A  =  central  angle  of  spiral. 
A  =  deflection  from  tangent  to  long  chord. 
B  =  A —  A  ^^  deflection  from  long  chord  to  a  line  tangent   to  the 
end  of  .spiral. 
A'  =  abscissa  of  end  of  spiral. 

Y  =:  ordinate  of  end  of  spiral. 

U  =  longer  tangent  of  spiral  only. 

V  ='shorter  tangent  of  spiral  only. 

Z  =  abscissa  of  beginning  of  offsetted  curve. 
0  =  offset  =  ordinate  of  beginning  of  offsetted  curve. 
T^  =  tangent  distance  of  spiraled  curve  from  beginning  of  spiral 

to  point  of  intersection  of  tangents   (P.  I.) 
£g  =  external  distance  of  offsetted  curve. 
Then 

LD 

(1)  A= 

200 

(2)  A  =  1/3  A —  (-003  A=*)  seconds,   the  A  i"  parentheses  being  ex- 

pressed in  degrees ;  this  formula  is  ap- 
proximate, but  the  greatest  error  is  only 
two  seconds  when  A  's  50  degrees  or 
under. 

(3)  B  =  A-A 

(4)  C  =  L  (cos  3/10  A  +   -004  exsec  3/4  A)-     This  formula  is  ap- 

proximate, but  with  no  error  exceeding 
one  part  in  one  million  when  A  's  40 
degrees   or  under. 


(5) 

X  =  C  cos  ^ 

(6) 

Y  =  C  sin  A 

sin  B 

(7) 

U^C 

sin  A 

sin.^ 

(8) 

V  =  C 

sin  A 

(9) 

Z  =  Z  — T^sin  A 

(10) 

0  =  F  — 7?  vers  A 

(II) 

7,~  (R  +  0)  tan  1/2  /  +  Z 

(12) 

£,=  (R  +  o)  exsec  Vi  I  +  0 
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With  the  exception  of  (2)  and  (4)  all  the  above  formulas  are  theo- 
retically exact.  These  formulas  provide  the  means  of  obtaining  an  ac- 
curate value  of  any  spiral  function,  but  most  of  them  are  not  adapted 
to  general  field  use  on  account   of  involving  the   determination  of   C. 

The  Committee  has  nearly  completed  a  series  of  simple  formulas 
for  all  functions  in  terms  of  A  ^"d  L  only,  which  are  not  only  quite 
accurate,  but  are  very  convenient  for  field  use,  but  we  are  unfortunately 
not  ready  to  submit  our  report  now. 

Your  Committee  would  ask  that  this  be  received  as  a  progress 
report  only,  as  we  wish  to  present  the  derivation  of  the  formulas  for 
A  and  C,  with  full  demonstration  of  their  accuracy,  and  to  add  the 
direct   formulas   which  are  being  completed. 

This  work  has  been  done  in  conjunction  with  Prof.  William  G. 
Raymond,  Dean  of  College  of  Applied  Science,  State  University  of 
Iowa,  to  whose  invaluable  suggestions  and  assistance  the  results  are 
largely  due. 

Your  Committee  would  recommend  changing  the  Manual  of  Rec- 
ommended Practice  to  read : 

MAINTENANCE    OF    LINE    AND    ALINEMENT — RECOMMENDED     PRACTICE. 

(b)    Adjustment  of  Curves  with  consideration  as  to  Easement   Curves: 

Easement  curves  should-  be  used  on  all  curves  requiring  an  eleva- 
tion of  2  in.  or  more. 

The  choice  of  easement  curves  should  be  governed  by  the  ultimate 
possibilities  as  to  speed,  with  consideration  as  to  probable  revision  of 
the  worst  features  of  alinement,  rather  than  by  existing  schedule  speed. 

On  curves  of  6°  and  over,  which  are  limiting  curves  as  to  speed, 
easement  curves  not  less  than  240  ft.  long  should  be  used. 

On  curves  of  less  than  6°  which  are  limiting  curves  as  to  speed, 
easement  curves  should  be  used  whose  length  in  feet  is  not  less  than 
5%  times  the  speed  in  miles  per  hour  calculated  for  an  elevation  of  8  in. 

On  curves  which  are  not  limiting  curves  as  to  speed,  easement 
curves  should  be  used  whose  length  in  feet,  when  the  rail  is  elevated 
for  the  ultimate  speed,  will  not  be  less  than  thirty  times  the  elevation 
in  inches  nor  less  than  two-thirds  the  ultimate  speed  in  miles  per  hour 
times  the  elevation  in  inches. 

Longer  easement  curves  than  the  minimum  lengths  recommended 
may  be  used  to  advantage  and  often  with  increased  convenience  in  their 
application,  but  any  considerable  increase  in  length  is  wholly  unneces- 
sary and  should  never  be  made  without  careful  consideration  as  to  the 
effect  on  cost.  The  minimum  length  should  be  used  in  all  cases  where 
a  greater  length  would  adversely  afifect  the  degree  of  curve. 

Easement  curves  should  be  used  between  curves  of  different  degree 
in  the  same  way   that  they  are   used   between   curves   and   tangents. 

The  curve  elevation  should  be  run  out  in  the  same  distance  as  the 
length  of  easement  curve,  with  no  elevation  on  tangent  and  full  eleva- 
tion on  the  circular  curve. 
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Any  form  of  easement  curve  is  satisfactory  in  which  the  degree  of 
curve  increases  with  the  distance;  in  which  the  rate  of  increase  in 
degree  of  curve  can  readily  be  changed  to  suit  each  particular  case,  so 
that  the  length  of  easement  curve  shall  be  the  same  as  the  distance  in 
which  the  outer  rail  is  raised  from  zero  to  full  elevation;  which  can 
be  run  in  by  deflection  or  offset,  with  chords  of  any  desired  length,  and 
which  is  of  the  general  type  of  Scarles,  Crandall,  Holbrook,  Talbot  or 
cubic  parabola. 

DEFINITION   OF   DEGREE  OF  CURVE. 

Your  Committee  issued  the  following  circular  to  the  members  of 
the  Association : 

(Circular  No.  no.) 

Degree-of-curve  is  usually  defined  as  the  angle  subtended  by  a  loo-ft. 
chord,  and  the  relation  between  the  degree-of-curve  and  radius,  accord- 
ing to  this  definition,  is  expressed  by  the  formula  R^so  cosec  14   D. 

In  running  in  sharp  curves  with  shorter  chords  than  lOO  ft.,  to 
correspond  with  half  or  quarter  stations,  a  correction  is  theoretically 
required  for  the  chord-length;  tables  for  these  corrections  are  usually 
given   in  field  books. 

It  has  always  been  a  common  practice  to  ignore  these  corrections 
and  to  obtain  the  radius,  for  the  purpose  of  computing  the  tangent 
distance  by  dividing  5730  by  the  degree-of-curve. 

In  this  respect  practice  is  frequently  at  variance  with  the  funda- 
mental definition. 

Following  are  quotations  from  several  authorities  in  regard  to 
this  practice : 

Wellington: 

"It  is  almost  universally  customary  in  the  best  practice  to  record 
the  radius  of  a    1°    curve   as   5730   ft.,  and  to   determine   the   radius   of 

5730 

curves  of  other  degrees  by  the  approximate  formula  R  =  .     More 

D 
commonly  yet,   the   radius  is   taken   direct   from   a  table,  but   nothing  is 
ever  done  with  this  in  practical  field  work,  and  it  is  only  of  importance 
for  recording  on  maps  or  for  use  in  solving  problems." 

Crandall: 

"If  curves  from  8°  to  16°  are  run  with  SO-ft.  chords,  from  16° 
to  32°   with  25-ft.   chords,   from  32°   to  80°   with    lO-ft.   chords,   and   all 

5730 

sharper  than  80°  with  5-ft.  chords,  the  above  value  (R  = )  will  be 

D 
correct  to  the  nearest  foot.     All  the  accompanying  tables  are  computed 
on  this  basis." 
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Talbot: 

"The  best  railroad  practice,  in  the  writer's  opinion,  considers  cir- 
cular curves  up  to  a  7°  curve  as  measured  with  lOO-ft.  chords,  from  7° 
to  14°  as  measured  with  50-ft.  chords,  and  from  14°  upward  as  meas- 
ured with  25-ft.  chords With   this   definition   of   degree- 

5730 

of-curve,  the  formula  R  = will   give   no  error   greater    than    i    in 

D 

5730 

2500 Hence    the    relation  R  = will    be    considered 

true."  D 

Nagle: 

"In  practice  it  is  customary  to  take  the  radius  of  a  1°  curve  as 
5730  ft.  and   to  assume   the   radii  to   vary  inversely   as   the   degree." 

Carhart: 

Defines  degree-of-curve  as  the  angle  subtended  by  a  lOO-ft.  chord, 
but  says  it  is  permissible  to  run  sharp  curves  with  shorter  chords ;  also 

5730 

that  R  = is  frequently  used.     His  table    of   radii    is    based  on  50, 

D 
25  and  lo-ft.  chords   for  curves  of  over  y". 

Henck: 

"The  length  of  a  curve  is  measured  by  chords,  each  100  ft.  long. 
Some  engineers  prefer  a  chain  of  50  ft.  in  length,  and  measure  the 
length  of  a  curve  by  chords  of  50  instead  of  100  ft.  The  chord  of  100 
ft.    has  been   adopted   throughout   this    article." 

Searles  and   Webb: 

Use  R  =  50  cosec  5^  D  for  all  curves. 
5730 

The  formula  R  =  would  be  absolutelv    correct    if   all    chords 

D 
subtended  an  arc  of  2°  7^'  30";  the  length  of  arc  per  station  would  be 
uniformly  100.0074  ft.;  the  error  in  using  loo-ft.  chords  for  a  1°  curve 
would  be  0.006  ft.  per  station  and  would  decrease  up  to  a  2°  24'  30" 
curve,  where  there  would  be  no  error;  it  would  then  increase  to  0.004 
ft.  for  a  3°  curve,  0.013  ft.  for  a  4°  curve,  0.024  ft.  for  a  5°  curve, 
0.038  ft.  for  a  6°  curve  and  0.055  for  a  7°  curve;  it  will  never  be  as 
great  as  o.oi  per  station  if  the  chords  used  subtend  arcs  of  3°  40'  or 
less.  By  way  of  comparing  the  magnitude  of  this  error,  it  may  be  stated 
that  a  difference  of  temperature  of  15'  F.  will  make  a  variation  in  the 
length  of  a  loo-ft.  tape  of  o.oi  ft. 

It  has  also  been  proposed  by  a  number  of  engineers  to  define  the 
degree-of-curve  as  the  central  angle  of  a  lOO-ft.  arc.  One  or  more  field 
books  have  already  been  published  on  this  basis. 

The  actual  difference  between  the  external  secants  of  a  10°  curve 
with  45°   central  angle,  by  the  several  definitions  of  degree-of-curve,  is 


REPLIES    TO    CIRCULAR    NO.    no. 
(Numbers  refer  to  number  of  definition  preferred — see    p.     433.) 


Name  of  Road. 


B.  &  O.  R.  R 

B.  &  O.  R.  R 

B.   &   O.   R.   R 

B.  &  O.   S.  W.   R.  R 

Carnegie    Steel   Co 

C.  &   N.-W.   Ry 

C,  B.   &  Q.  Ry 

C,  B.   &  Q.  Ry 

C,  C,  C.  &  St.  L.  Ry.... 
C,  C,  C.  &  St.  L.  Ry.... 
C,  C,  C.  &  St.  L.  Ry.... 
C,  C,  C.  &  St.  L.  Ry.... 
C,  C,  C.  &  St.  L.  Ry.... 
C,  C,  C.  &  St.  L.  Ry.... 

C.    P.    Ry 

C.  R.  I.  &  P.  Ry 

C,  R.  I.  &  P.  Ry 

C,  R.  I.  &  P.  Ry 

C.  R.  R.   of  N.  J 

C.  R.  R.   of  N.  J 

C.  V.   R.  R 

D.  &  H.  R.   R 

El  P.  &  S.  W.   System... 

Erie   R.   R 

Erie   R.    R 

Erie   R.    R 

G.    R.   &  I.   Ry 

G.     T.     Ry 

I.  C.   R.  R 

I.  C.   R.  R 

K.  &  W.  Va.  R.  R 

K.  C.  M.  &  O.  Ry 

K.   C.    S.    Ry 

K.    C.   T.   Ry 

L.  &  A.   Ry 

&   N.  R.  R 

&   N.  R.  R 

S.   &  M.   S.  Ry 

S.   &  M.   S.  Ry 

S.   &  M.  S.  Ry 

S.  &  M.  S.  Ry 

V.  R.   R 

M.  &  O.  R.   R 

Mex.   Cent.   Ry 

Midi.    Cent.    Ry 

M.,  K.  &  T.  Ry 

Mo.   Pac.  Ry 

Mo.   Pac.   Ry 

N.    &    W.    Ry 

N.    &    W.    Ry 

N.    P.    R.    R 

N.  Y.  C.  &  H.  R.  R.  R. . . . 
N.  Y.,  C.  &  St.  L,.  R.  R.. 
N.  Y.,  C.  &  St.  L.  R.  R.. 
N.  Y.,  C.  &  St.  L.  R.  R.. 
N.  Y.,  N.   H.  &  H.   R.   R.. 

P.   &  R.  Ry 

P.   &   R.  Ry 

P.  &  L.  E.   R.   R 

Pennsylvania    Lines 


Pennsylvania    Lines 

Pennsylvania    Lines 

Pennsylvania    Lines 

P.    R.     R 

P.    R.    T.    Co 

S.  P.,  L.  A.  &  S.  L.  R.  R.. 

Va.    Ry 

Vandalia    R.    R 

W.   &  L.   E.  R.   R 

W.    P.    Ry 

College  of  Applied  Science, 

Iowa  State   University... 

Mass.  Inst,  of  Technology. . 

S.   E.   Coombs 

F.    W.    Scarborough 

Walter  Loring  Webb 

Totals 


Name  and  Position  of  Member. 


No. 


H.   R.  Talcott,  Engineer  of  Surveys 2 

Jenlcs  B.  Jenkins,  Assistant  Engineer 2 

A.   G.    Boughner,    Office    Chief  I>raftsman 1 

H.   M.   Church,   Division   Engineer 1 

E.  C.    Brown,    Chief    Engineer 1 

C.  L.   Ransom,   Resident  Engineer 1 

Geo.  H.  Bremner,  Eng.  Maintenance  of  Way,  1 

T.   E.    Calvert,    Chief   Engineer 2 

L.   S.    Rose,    Signal    Engineer 1 

A.   Ij.  Kuehn,  Engineer  Track  and  Roadway.  4 

R.   Perriday,   Engineer  Maintenance  of  Way..  1 

O.  E.  Selby,  Eng.  of  Bridges  and  Structures.  3 

A.    S.   More,    Engineer  Maintenance  of  Way.  2 

Hadley    Baldwin,     Superintendent 1 

J.  G.  Sullivan,  Assistant  Chief  Engineer 3 

J.   B.    Berry,    Chief   Engineer 1 

John   C.    Beye,    Locating   Engineer 3 

Garrett    Davis,    Superintendent 3 

C.   H.   Stein,   Engineer  Maintenance  of  Way.  1 

Joseph   O.    Osgood,   Chief  Engineer 1 

Thomas   J.   Brereton,   Engineer 1 

James  MacMartin.   Chief  Engineer 1 

J.    L.   Campbell,    Eng.    Maintenance   of  Way..  1 

A.   Swartz,    Division   Engineer 2 

Geo.    H.   Burgess,    Principal  Asst.    Engineer..  1 

W.   M.   Dawley,   Assistant  Engineer 3 

F.  J.  Stimson,  Engineer  Maintenance  of  Way.  1 

Howard   G.    Kelley,    Chief   Engineer •3 

S.    S.    Roberts,   Assistant   Engineer 1 

■H.  R.  Safford,   Chief  Engineer  Main,  of  Way.  3 

G.  S.    Plumley,    Engineer 4 

M.   P.    Paret,  Chief  Engineer 1 

A.  F.    Rust,    Resident    Engineer 3 

John  V.  Hanna,  Chief  Engineer 1 

F.  W.  Green,  General  Superintendent 1 

J.  E.    Willoughby,   Engineer   of  Construction.  3 

W.    H.    Court enay.    Chief   Engineer 1 

G.  C.   Cleveland,  Assistant  Chief  Engineer...  1 

Willard  Bealian,  Assistant  Engineer 1 

R.    O.  Rote,  Principal   Assistant  Engineer. ...  1 

John   F.    Schwed 2 

R.   A.   Van   Houten,   Division  Engineer 3 

B.  A.  Wood,   Resident  Engineer 1 

Lewis   Kingman,    Chief  Engineer *3 

E.  R.   Lewis,   Division   Engineer 1 

S.   B.   Fisher,   Chief  Engineer 1 

J.  R.  Leighty,  Engineer  Maintenance  of  Way.  2 

W.  J.  Burton,  Division  Engineer 1 

Cliarles    S.   Churchill,    Chief  Engineer •! 

C.  C.    Wentworth,    Principal   Asst.   Engineer.  1 

H.  M.   Stout,  Assistant  Engineer 1 

George  W.  Kittredge,  Chief  Engineer 1 

C.  H.   Smith.  Assistant  Engineer 1 

George  H.  Tinker,  Bridge  Engineer 1 

Albert  J.    Himes,   Assistant  Chief  Engineer..  1 

George  T.  Simpson,   Division  Engineer 1 

J.    E.    Turk,    Division    Superintendent 1 

F.  S.   Stevens,   Superintendent 3 

Edwin  F.  Wendt,   Assistant  Engineer 1 

Thomas    H.    Johnson,     Consulting    Engineer, 

favors  dropping  the  subject. 

W.   C.   Gushing.   Chief  Eng.  Maint.  of  Way..  1 

R.  Trimble,  Chief  Eng.  Maintenance  of  Way.  2 

J.   C.   Bland,    Engineer  of  Bridges *2 

Joseph  T.  Richards,  Chief  Eng.  Main,  of  Way  1 

Charles  M.   Mills,    Principal   Asst.   Engineer..  1 

R.  K.  Brown,  Engineer  Maintenance  of  Way.  1 

C.   H.    Stengel,    Designing    Engineer 1 

M.   P.   Tucker,    Assistant   Engineer 1 

H.   T.   Douglas,   Jr.,   Chief  Engineer 3 

V.   G.   Bogue,   Vice-President  and  Chief  Eng.  3 


W.   G    Raymond,   Dean 3 

C.    Franl^    Allen,    Professor  of  Ry.   Eng 1 

Civil    Engineer 1 

Consulting    Engineer 2 

Consulting    Engineer 1 

Definition    (1) 47 

(2) 10 

(3) 15 

(4) 2 

Favor    dropping   subject 1 

Definition    (4):     For  curves   up  to  7°,   degree  of  curve  is  the  angle  sub- 
tended by  100-foot  chord;  for  curves  of  7°  to  14°,  by  a  50-foot  chord,   etc. 

While  voting  for  other  definitions,  this  or  equivalent  practice  Is  Indicated 
by  •  in  the  tabulation  of  replies. 
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less  than  0.06  ft.  and  rapidly  decreases  for  lighter  curves  and  smaller 
central  angles. 

In  view  of  this  variance  in  theory  and  practice,  the  Committee  on 
Track  desires,  as  a  guide  in  the  preparation  of  tables  and  formulas,  an 
expression  from  the  members  of  the  Association  as  to  which  of  the 
three  following  definitions  and  formulas  should  be  accepted : 

(i)  Degree-of-curve  is  the  angle  subtended  by  a  100- foot  chord. 
Formula  R  =  50  cosec  V2  D. 

(2)  Degree-of-curve  is  the  central  angle  of  an  arc  whose  length 
is   1C0.0074  feet  and  is  equal  to  5730  feet  divided  by  the  radius. 

5730 

Formula  R  = 

D 

(3)  Degree-of-curve  is  the  central  angle  of  a   100- foot  arc. 

5729-58 

Formula  R-= 

D 
The  poll  of  the  members  of  the  Association  shows  that  a  substantial 
majority  favor  definition    (i)  : 

"Degree  of  Curve  is  the  angle  subtended  by  a  loo-ft.  chord.  For- 
mula R  =  50  cosec  J^  D." 

Your  Committee   would   recommend  that  this   definition  be    adopted. 

DEFINITION    OF    DEGREE   OF    CURVE. 

By  C.  Frank  Allen,  Professor  of  Rai'road  Engineering,  Massachusetts 
Institute  of  Technology. 

With  relation  to  the  definition  of  the  Degree  of  Curve,  the  sub- 
ject of  a  recent  circular  from  the  Committee  on  Track,  it  may  be  of 
interest  to  review  what  has  been  the  practice  in  this  matter. 

As  early  as  1829,  S.  H.  Long,  of  the  Board  of  Engineers  of  the 
Baltimore  &  Ohio  Railroad,  issued  a  "Railroad  Manual"  in  which  the 
sharpness  of  cur\-e  was  defined  by  the  angle  of  deflection  made  betweec 
two  chords  of  100  ft.  This  was  called  by  him  the  "Primary  Angle 
of  Deflection,"  and  is  the  same  in  amount  as  the  "Degree  of  Curve" 
of  later  days.  This  manual  apparently  fixed  the  practice  of  laying  out 
curves  as  it  still  exists  in  this  country,  and  the  chord  of  100  ft.  de- 
termined the  angle  which  we  now  call  the  Degree  of  Curve. 

A  later  book,  by  S.  W.  Mifflin,  Civil  Engineer,  in  1837,  explicitly 
defines  the  "Degree  of  Curve"  as  the  angle  at  the  center  subtended  by 
a  chord  of  100  ft. 

The  next  field  book  or  book  of  "Field  Practice"  was  that  of  J.  C. 
Trautwine  (1851).  His  book  made  no  change  in  the  practice.  The 
radius  of  a  i-degree  curve  is  given  in  his  tables  as  5730,  which  is 
correct  to  4  significant  figures ;  the  radius  of  lo-degree  curve  is  573.7 ; 
20-degree  curve,  287.9;  40-degree  curve,  146.2;  all  consistent  with  the 
lOO-ft.  chord  basis. 
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Next  came  Henck's  Fieldbook  (1854),  which  defines  the  degree  of 
curve  as  the  angle  subtended  by  a  chord  of   100  ft. 

Shunk's  Field  Engineer  was  published  in  1879.  This  also  has  tables 
of  radii  consistent  with  the  chord  of  100  ft.  5729.6  for  i  degree  curve; 
573-7   for    10  degree   curve ;  287.9  for  20  degree   curve. 

Searles'  Field  Engineering  (1880)  adopts  the  prevailing  practice, 
based  on  the  chord  of  100  ft. 

Tables  for  Field  Engineers,  by  Stiles,  were  published  in  1885.  This 
book  uses  5730  as  the  radius  of  i  degree  curve,  but  has  573.686  for  10 
degree  curve;  287.939  for  20  degree  curve;  and  146.190  for  40  degree 
curve ;  based  on  the  chord  of  100  ft. 

Hardaway's  Pocket  Book  of  Tables  and  Formulas  for  Railroad 
Engineers  (1886)  has  radii  for  i  degree  curve  5729.65;  10  degrees,  573.- 
686;  20  degrees,  287.939. 

The  Civil  Engineer's  Fieldbook,  by  Butts  (1886),  also  has  radius 
I  degree  curve  5729.65,   and   10  degrees,   573.686. 

The  Railroad  Engineer's  Fieldbook,  by  Godwin  (1890),  like  the  two 
preceding,  is  on  the  basis  of  the  chord  of  100  ft. 

The  Engineer's  Fieldbook,  by  Cross,  copyrighted  1893  (but  prob- 
ably reprinted   from  an  earlier  edition),   uses   5730  for  the   radius  of  a 
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I  degree  curve,  and  for  others  ,  but  the  editor  of  this   1893  edition 

D 
gives  a  table  of  radii  based  on  the  chord  of  100  ft.,  which  he  suggests 
should  be  used  to  give  accurate   results. 

Carhart's  Fieldbook  for  Civil  Engineers  (1893)  uses  as  a  basis  for 
the  radii :  a  chord  of  100  ft.  from  i  degree  to  7  degrees,  inclusive ; 
50  ft.,  8  degrees  to  14  degrees,  inclusive;  25  ft.,  15  degrees  to  28  de- 
grees ;  and  10  ft.  for  greater  degrees.  His  tables  give  radius  i  degree 
curve  5729.65;  10  degrees,  573.14;  20  degrees,  286.57  (instead  of  5729.65, 
(57369,  and  287.94). 

Kagle's  Field  Manual  for  Railroad  Engineers  (1897)  also  uses  this 
basis,  100  ft.  chord  up  to  7  degrees ;  50  ft.,  7  degrees  to  14  degrees ; 
25  ft.,  15  degrees  to  28  degrees ;  and  10  ft.,  above  28  degrees. 

Webb's  Railroad  Construction   (1899)   is  based  on  a  chord  of  100  ft. 
Philbrick's   Field   Manual   for   Engineers    (1901)    uses   an  arc  of   100 
ft.  as  the  basis;   giving   thus   the   radius   of  a    i    degree   curve,    5729.58; 
ID  degrees,  572.958;   20  degrees,  286.479. 

Allen's  Field  and  Office  Tables  (1903)  are  based  on  the  chord  of 
100  ft. 

Smith's  Railway  Curves  (1905)  uses  5730  ft.  i  degree  curve;  573.7 
for  10  degrees ;  287.9  for  20  degrees ;  146.2  for  40  degrees.  This  is  on 
the  basis  of  the  chord  of  100  ft. 

Henderson's  Railroad  Curve  Tables  (1906)  are  also  on  the  basis 
of  the  100  ft.  chord. 

It   will   thus  be   seen   that   the   practice,   so   far   as   these   tables    for 
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circular  curves  can  fix  it,  has  been  well-nigh  uniformly  on  the  basis 
of  the  chord  of  loo  ft.  Some  of  these  tables,  such  as  Henck's  and 
Searles',  have  been  standard  for  many  years,  and  it  seems  unfortunate 
to  disturb  existing  standards. 

It  is  comparatively  recently  that  any  departure  has  been  made  from 
the  original  basis,  and  it  is  noteworthy  that  where  the  old  basis  has 
been  abandoned,  it  is  nearly  true  that  each  writer  has  adopted  an  inde- 
pendent system.  For  instance,  Nagle  (in  this  case  Carhart  also)  uses 
a  chord,  but  of  different  lengths:  lOO,  50,  25,  10,  depending  on  the 
sharpness  of  curve.  Philbrick  uses  the  arc  of  100  ft.  Cross  appar- 
5730 

ently  used  for  the  radius,  but  the  editor  of  the  1893  edition  adopts 

D 
the  chord  of  100  ft. 

Unless  the  tables  of  Cross  date  back  of  1893,  it  appears  that  the 
practice  as  shown  by  these  books  of  tables-  remained  uniform  from 
1829  to  1893,  a  period  of  67  years.  It  certainly  seems  as  if  a  practice 
of   this  duration  should   be   not   only   respected,   but  maintained. 

Aside  from  these  general  tables  for  railroad  practice,  there  have 
been    published    several    pocketbooks    specially    devoted    to    spirals. 

Of  these,  Searles'  Railroad  Spiral  (1882)  naturally  agrees  with  his 
Field  Engineering,  and  uses  the  chord  of  100  ft. 

Howard's  The  Transition  Curve  Fieldbook  (1891)  adopts  the  same 
basis. 

Fox,  Transition   Curves    (1893),   does   the  same. 

573Q 

Crandall's,  The  Transition  Curve    (1893),   uses   for  the   radius  , 

D 
suggesting   that  if  curves    from   8    degrees    to    16   degrees   be    run    with 
50  ft.  chords;   16  degrees  to  32  degrees,  25  ft.;  and  all  sharper  than  32 

5730 

degrees  with   10  ft.  chords,  the  value  oi  R  ^=  "will  be  correct   to 

D 
the  nearest  foot."     He  has  tables  of  radii  computed  on  this  basis. 

5730 

Talbot,  in  his  Railroad  Transition  Spiral    (1901),  uses  as  giv- 

D 
ing  no  error  greater  than  i  in  2,500,  on  the  basis  of  using  in  the  field, 
chords  of  100  ft.  up  to  a  7  degree  curve  ;  50  ft.  from  7  degrees  to  14 
degrees ;  25  ft.  from  14  degrees  upward ;  he  adopts  50  ft.  chords  for 
the  7  degree  curve,  while  Nagle  retains  100  it.  chords  for  7  degree 
curves.    Talbot  has  no  table  of  radii. 

5730 

Stephens,  in  the  Six  Chord  Spiral  (1907),  uses  R ,  and  gives  a 

D 
table  of  radii  on  this  basis. 
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It  makes  little  difference  in  the  sharpness  of  the  curve  whether 
the  radius  of  a  lo  degree  curve  be  573  ft.  or  573.7 ;  but  it  is  important 
that  all  the  calculations  and  measurements  shall  be  consistently  on  the 
same  basis.  In  determining  the  properties  or  deriving  the  formulas  of 
the  transition  curve  or  spiral,  it  makes  little  difference  which  degree 
is  used.  In  connecting  with  a  6  degree  circular  curve  it  is  unimportant 
whether  the  spiral  has  reached  to  a  6  degree  curvature,  or  only  to  a 
5°59',  or  a  5°58',  or  perhaps  a  5°So'  curvature.  An  important  feature. 
however,  is  that  the  circular  curve  and  the  spiral  shall  have  a  common 
tangent  where  they  connect. 

Although  for  circular  curves,  it  matters  little  for  use  whether  the 
curve  has  a  radius  of  818.57  ft.  or  819.02  ft.,  yet  it  is  important  that  all 
the  work  be  consistent,  and  in  a  departure  from  the  old,  established 
basis  some  curious  results  have  occurred. 

For  instance,  in  one  of  the  books  of  tables  mentioned  above,  the 
radii  are  on  a  basis  of  100  ft.  chords  to  7  degrees ;  50  ft.  to  14  degrees ; 
25  ft.  to  28  degrees ;  but  the  table  of  long  chords  is  on  the  basis  of 
100  ft.  chords  throughout;  and  the  table  of  tangent  distances  is  accom- 
panied by  a  table  of  corrections  to  reduce  the  result  to  the  100  ft. 
chord  basis.  Two  of  these  books  have  the  radius  of  a  6"6o'  curve  = 
819.02,  and  the  radius  of  a  7  degree  curve  =  818.64;  also  the  radius  of 
a  i3°6o'  curve  =  409.51,  and   14°  =400.32. 

Another  inconsistency  will  appear  if  we  consider  the  case  of  a 
7  degree  curve,  9  stations  long,  having  thus  an  intersection  angle  of 
63  degrees,  which  is  not  a  very  extreme  case.     Using  the  chord  of   100 
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ft.  as  a  basis,  the  radius  is  819.02;  using it  is  818.57,  or  0.45  smaller; 

D 
not  a  large  amount. 

Yet  the  tangent  distance  kb  will  be  smaller  than  ka  by  ab  =  0.276 
ft.  From  the  P.  C.  at  b,  the  curve  will  be  run  out  by  chords  of  100 
ft.  and  with  deflection  angles  of  3°3o',  7°,  io°3o',  etc. ;  that  is,  with  a 
radius  of  819.02  ft.,  and  the  resulting  curve  will  be,  not  be,  but  be, 
and  the  P.  T.  of  this  curve  will  be  outside  the  tangent  by  ef  =  0.246 
ft.;  and  the  curve  will  also  be  longer  than  be,  and  will  over-run  the 
point  c  to  the  extent  that  cf  =  0.401  ft. 

Here  R  — R»  =  o.4S. 

ab  =0.45  tan  3i°3o'=  0.276  =  00"=  de. 

cf  =  0.276  sin  63°=  0.246. 

cf  =0.246   cot   3i°3o'  =  0.401. 

As  the  curve  run  out  in  the  field  lies  outside  the  tangent,  the  ad- 
justment or  fudging  naturally  resulting  will  sharpen  the  curve  where 
it  joins  the  tangent,  which  is  contrary  to  what  is  desirable. 

The  natural  errors  or  lack  of  precision  common  to  all  field-work 
may  sometimes  decrease  these  amounts,  but,  on  the  other  hand,  will 
sometimes   increase  the  discrepancy. 
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The  fact  that  the  total  deflection  to  e  =  3i°3o',  also  carries  the 
lines  through  c,  serves  to  give  to  the  transitman  a  sense  of  security  not 
merited,  and  which  is  unfortunate.  But  if  an  additional  set-up  of  transit 
is  made  near  the  end  of  curve,  the  final  deflection  angle  will  carry 
the  line  outside  the  P.  T.,  and  may  lead  a  careful  transitman  to  repeat 
his  work,  but  with  no  better  results. 

If  the  intersection  angle  is  90  degrees  instead  of  63  degrees,  the 
7  degree  curve  will  lie  outside  the  tangent  (at  the  P.  T.)  by  ef  =  0.45 
ft.  instead  of  0.246. 


Fig.   1. 


The  error,  whatever  its  amount,  is  due  to  the  fact  that  the  tangent 
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distance    is    figured    for    a    radius  of  ,  in  this  case  818.57,  while  the 

D 
curve  is   run  out  with   chords  of  100  ft.  and  deflection  angles  of  3°   30'. 
7°,  etc.,  and  which  are  correct  only  for  a  radius  of  819.02.     The  length  of 

100/ 

curve  is  also  tliat  due  to  a  radius  of  819.02,  and  this  length  is  L  = 

D 
(in    accordance     with    universal    practice),    which     is     not     correct     for 
S730 

R  =  ,  so  that  the  chaining  cannot  check. 

D 
When  the  line   runs   through   city  property  where   measurements   of 
streets   and   lots   are  made   with   much   precision,    there    is   necessity    for 
similar  precision  in  the  railroad  line. 

Furthermore,  with  the  transit  at  b  (the  P.C.)  and  a  foresight  taken 
on  the  vertex  k,  the  stakes  at  the  various  stations  around  the  curve  will 
occupy  one  set  of  positions;  with  the  transit  at  c  (the  P.  T.)  and  a 
foresight  on  k,  a  second  set  of  positions  for  the  stakes  will  result; 
again,  with  the  transit  at  c    (the   P.T.)    and  a  foresight  on  the   P.C,   a 
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third  set  of  positions  results.  There  is  no  certainty  nor  stability  in 
the  position  of  the  curve,  no  matter  how  careful  and  accurate  the  field- 
work. 


Fig.  2. 

Since  such  a  curve  does  not  close  properly  either  in  theory  or  on 
the  ground,  there  is  no  practicable  way  of  determining  the  actual  length 
of  arc  or  of  rail,  since  these  are  dependent  on  the  method  adopted  for 
running  in  the'  curve  and  adjusting  the  discrepancy. 

When  an  easement  curve,  a  spiral  is  introduced,  the  best  practice 
is  to  have  each  spiral  run  from  the  tangent,  and  the  discrepancy  from 
imperfect  fieldwork  adjusted  where  the  spiral  and  the  circular  curve 
connect,  or  on  the  circular  curve  altogether.  When  the  spirals  are  run 
out  in  this  way  the  difificulty  as  to  tangent  distance  and  length  of  curve 
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still  exists,   if  R  = is  used. 

D 
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In   the    case   of    the    7  degree   curve,  ii  R  = is  used,  the  spiral 

D 
line  at  the  end  will  lie  inside  the  circular  curve  by  an  amount  varying 
from  about  0.2  ft.  to  0.4  ft.,  depending  on  the  intersection  angle,  whether 
63  degrees  or  go  degrees. 

How  will  this  discrepancy  be  adjusted?  It  is  not  improbable  that 
part  of  the  adjustment  will  be  made  in  the  circular  curve,  and  part 
in  the  spiral,  which  then  largely  fails  of  performing  its  intended  func- 
tions. 

If  the  fieldwork  is  done  by  running  in  first  a  spiral,  then  the  cir- 
cular curve,  and  then  the  second  spiral  (backward),  the  discrepancy  or 
failure  to  meet  the  tangent  is  likely  to  destroy  entirely  the  intended 
purpose  of  the  spiral. 

In  view  of  the  above  considerations,  it  seems  evident  that  the  only 
satisfactory  basis  for  the  degree  of  curve  is  to  define  it  as  the  angle  at 
the  center  subtended  by  a  chord  of  100  ft.,  as  it  has  been  defined  by 
a  great  preponderance  of  practice  and  for   so  many  years. 

The  characteristic  feature  of  American  practice  in  laying  out  cir- 
cular curves  is  that  the  unit  of  measureemnt  is  100  ft.,  and  this  is 
applied  on  curves  as  the  chord ;  the  degree  of  curve  is  taken  at  some 
simple  convenient  angle  (a  degree  or  half  degree),  with  the  result  that 
the  deflection  angle   for   the   unit  of  curve  measurement,   the   chord  of 
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loo  ft.,  will  also  be  correct  at  some  simple  convenient  angle  (a  degree,  or 
half  degree,  or  quarter  degree)  ;  the  radii  and  other  data  are  made  t ) 
correspond.  ktv) 

If  the  radius  be  taken  as  - — — ,  then  it  follows  that  with  a  chord  of 
D 
IOC  ft.,  the  deflection  angle  for  a  7  degree  curve  is  not  precisely  s'so'; 
and,  conversely,  with  a  deflection  angle  of  3°3o',  the  chord  is  not  pre- 
cisely ICO  ft.,  and  the  principle  which  determined  American  practice  is 
violated  and  lost. 

While  the  arc  of  loo  ft.  forms  a  logical  and  consistent  basis  for 
defining  the  degree  of  curve,  the  objection  holds  that  for  convenient 
deflection  angles  the  chords  must  be  less  than  lOO  ft.  and  of  different 
length  for  each  degree  of  curve. 

The  practice  of  using  chords  of  lOO  ft.,  50  ft.  or  25  ft.,  depending 
on  the  sharpness  of  curves,   introduces  other  difficulties,   and  has   seldom 

5730 
been  consistently  followed.     That    its    use    in    connection  with  R  =  

fails  to  secure  correct  results,  has  been  demonstrated   above.  ^ 

Measurements  around  curves  in  the  field  must  be  made  by  chords. 
The  radii  of  different  curves  are  not  exactly  in  inverse  proportion  to 
the  angle  at  the  center  subtended  by  a  chord  of  100  ft. ;  this  state  of 
facts,  although  undesirable,  is  practically  unavoidable.  Some  inconve- 
nience of  necessity  results  either  in  computation  or  in  fieldwork.  Ease 
of  computation  in  work  of  this  sort  must  yield  to  convenience  and 
accuracy  of  fieldwork,  and  the  basis  of  the  chord  of  lOO  ft.  seems  best 
to  meet  the  requirements. 

Very  little  inconvenience,  however,  results  from  using  the  estab- 
lished basis  of  the  chord  of  100  ft.  Curves  cannot  well  be  laid  out 
without  the  use  of  tables,  and  engineers  must  know  the  use  of  log- 
arithms. Several  books  of  tables  give  directly  the  logarithms  of  the 
radii  for  different  degrees  of  curve,  so  that  computations  depending  on 
the  radii  are  facilitated,  and  even  the  computation  of  the  tangent  dis- 
tance is  simple  and  rapid. 

The  shortest  method  of  computing  the  tangent  distance  for  ordi- 
nary curves  is  to  use  tables  which  give  the  tangent  distance  for  a  i 
degree  curve,  and  find  for  the  given  intersection  angle  the  tangent 
distance  for  a  i  degree  curve  and  divide  by  the  degree  of  curve ; 
this  gives  a  value  not  quite  correct;  but  several  of  the  best  field  books 
include  also  a  table  of  corrections  from  which  the  correction  can  be 
taken,  and  an  accurate  value  of  the  tangent  distance  secured  very 
expeditiously. 

In  laying  out  sharp  curves  of  perhaps  10  degrees  upward,  the 
regular  stations  should  be  set  out  by  100  ft.  chords.  If  intermediate 
points  are  desired,  they  can  be  set  simply  and  with  very  slight  error  by 
measuring   from   each    station   chords   both    of   SO   ft.   and   of    100   ft. 

It   is   possible,   if  anyone   desires   it,   to  use    chords   of  30.05    for   lo 
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degree  curves  and  50.19  for  20  degree  curves,  I)ut  with  less  convcuience. 
Moreover,  using  the  full  chords  of  100  ft.  will  secure  more  precision 
in  trackvvork,  because  with  fewer  separate  measurements  entering  into 
the  total  length,   there  will  be  less  accumulation   of  error. 

7*50 


Sta.  9. 


Fig.  3. 

With  vpry  sharp  curves,  approximations  of  all  kinds  should  be 
used  with  great  caution,  even  the  common  approximation  that  deflec- 
tion angles  are  proportional  to  their  chords,  may  not  be  allowable. 

In   determining   the   properties   or   deriving   the    formula   of   a    spiral 
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easement  curve,  the  approximation  R  =  appears  allowable  for  ordi- 

D 
nary   railroad   work,    but    probably   not    for    the   very    sharp   curves    used 
on    steel    railways.     For    these,    multiple    compound    curves    seem    to    be 
favored. 

The  important  requirements  for  the  spiral  are :  First,  that  the 
circular  curve  and  the  spiral  shall  have  a  common  tangent  CL  at  the 
point  C,  where  they  connect;  second,  that  the  distances  BD  and  AB 
shall  be  accurately  determined  with  reference  to  the  curve  AC;  and 
third,  that  the  angles  CAL  and  ACL  shall  be  determined  with  suffi- 
cient accuracy  to  fix  the  position  of  the  point  C  and  the  direction  of  CL. 


Fig.   4. 

It  is  desirable  that  the  degree  of  curvature  of  circle  and  spiral  shall 
be  the   same   at   C,  but   a    slight   variation    in    this    is   unimportant,   and 
5730 

R  =  is  amply  good  for  this  purpose. 

D 
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Unless  in  Fig.  4  and  Fig.  5,  the  point  C,  as  fixed  from  A,  iias  the 
proper  relation  to  M,  so  that  the  distance  BD  is  what  it  should  be,  the 
difficulty  illustrated  in  Fig.  i  will  again  occur;  an  error  of  several 
tenths  is  not  admissible. 

It  is  further  essential  that  the  point  C  should  be  so  set  from  A 
that  in  laying  off  the  angle  CAL,  the  position  of  C  relatively  to  D  shall 
be  correct  within  close  limits;  an  error  of  a  tenth  of  a  foot  would  be 
undesirable. 


It  appears  to  be   the   case  that  the  approximations   commonly  made 
in   spiral   formulas   are   within  the   limits   desired   for  use  with   ordinary 
railroad  curves.     The   spirals  are  not  of  great  length,  and  the   approxi- 
5730 

mations  that  R  = and  that  the  deflection  angles  var>^  as  the  squares 

D 
of    the    distances,    are    probably    satisfactory,    if    not    extended    to    very 
sharp  curves. 

It  is  further  true  that  when  spiral  tables  have  been  prepared  giving 
the  deflection  angles  to  be  used  with  chords  of  convenient  specified 
length,  there  is  a  substantial  compliance  with  the  spirit  of  the  American 
practice  in  running  curves  which  makes  the  degree  a  controlling  ele- 
ment, because  in  this  way  there  is  secured  simplicity  and  accuracy  in 
the  relation  between  the  deflection  angles  and  the  chord  measurements. 
In  the  spiral  this  simplicity  is  secured,  because  the  angles  to  be  used 
have  been  calculated  and  are  recorded  in  the  spiral  tables,  whose  use 
insures  certainty  and  also  accuracy,  if  the  tables  have  been  correctly 
computed. 

5730 

The  fact  that  the  approximation  R  =  ■  is  used  on  a  spiral  curve 

D 
is  not  an  element  which  should  have  any  influence   in   determining   the 
practice  on  circular  curves. 
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William    G.    Raymond,    Dean    College    of   Applied    Science,    State    Uni- 
versity of  Iowa. 
In    response    to    Circular    No.    no,    I    vote    for    the    third    definition, 
namely,  Degree-of-cnrve  is  the  central  angle  of  a  loo-foot  arc.     Formula, 
/^  _  5729.58 
D      ' 
I    think    that   the    circular    issued    hardly    presents    tlie    matter    fully 
enough,  as  no  arguments  are  presented   except  one   favoring  the  use  of 
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—       and  engineers  who  have    used    this    formula,  I    fancy,  are    m    the 
D   ' 

majority,    and    will    therefore,    without    thought    of    what    is    being    done, 
endorse  this  formula. 

The  matter  is,  of  course,  not  one  of  life  and  death,  but  I  am  so 
firmly  convinced  that  the  third  definition  is  the  more  logical,  that  it  is 
the  simpler  to  use  in  practically  all  calculations,  that  it  involves  no  more 
work  in  the  field  than  the  second  definition,  that  it  approximates  very 
much  closer  to  the  second  definition,  which  has  been  extensively  used, 
than  does  the  first  definition,  that  I  should  like  to  have  the  matter 
decided  after  a  ifull  presentation  rather  than  in  an  offhand  way  on 
the   strength   of  first    impression. 

The  increasing  precision  with  which  trackwork  is  being  performed 
seems  to  make  it  desirable  that  accurate  and  logical  formulas  shall 
be  endorsed  as  correct,  leaving  each  individual  engineer  to  use  such 
simplified  approximations  in  his  constructional  work  as  he  may  wish 
to  use.  It  will  be  noted  that  the  radius  of  a  one-degree  curve,  under 
the  third  definition,  has  exactly  as  many  feet  as  there  are  degrees 
in  a  radian  of  arc,  and  that  this  is  not  true  of  either  the  second  or 
first  definition.  It  is  this  fact  that  makes  the  third  definition  simple 
of  application  in  various   problems. 

By  the  second  definition,  the  length  of  the  proper  chord  must  be 
computed,  since  100  ft.  will  be  incorrect  for  any  other  than  the  very 
odd  degree  of  2°  24'  30".  By  the  third  definition  the  chords  would 
have  to  be  computed  as  well,  and  the  fact  that  there  is  no  particular 
curve  in  which  a  loo-ft.  chord  will  be  the  proper  one,  in  no  wise  makes 
this  formula  less  simple  of  application  than  is  the  second,  since,  if  the 
chords  have  got  to  be  computed  at  all,  it  makes  little  difference  that 
some  one  particular  curve  which  is  an  odd  one,  never  likely  to  be 
used,  needs  no  computation.  It  is  also  true  that  by  either  one  of  these 
formulas,  if  the  chord  be  made  short  enough,  the  curve  may  be  run 
in  by  the  usual  methods  of  making  the  deflection  angle  proportional 
to  the  length  of  the  chord.  Therefore,  nothing  is  gained  by  the  use 
of  the  second  over  the  third,  and  the  third  has  a  logical,  mathematical 
raison  d'etre  which  the  second  has  not. 
5730 

The  adoption  of  ,  while  apparently  in  conformity  with   common 

D 
practice,    would   really  not   be    much    more,   if   any,    in    conformity    with 
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5729-58 
common   practice   than   the   adoption   of  ,   because,    while   possibly 

^  5730 

the  majority  of  engineers  have  thought  that  they  adopted  ,  as  a  mat- 

D 
ter  of  fact,  they  have  not  used  chords  in  laying  out  curves  that  would 

5730 

produce  a  curve  whose  radius  is  .     They  have  approximated  to  this, 

D 
but  have   not  attained   it.     They   will    in   all   probability   continue   to   ap- 
proximate   to    it,    just    as    they    would    probably    approximate    it    in    any 
other  scheme. 

I  do  not  know  that  it  is  proper  to  address  this  argument  to  you 
at  this  time,  or  that  anything  can  be  done  with  it,  but  I  trust  that 
before  a  final  vote  is  taken  which  shall  establish  one  of  these  definitions 
as  a  standard,  some  opportunity  will  be  given  for  arguing  the  question. 

I  should  like  information  also  as  to  the  advisability  of  having  our 
tables  made  for  degrees  and  decimals,  and  our  instruments  graduated 
the  same  way,  say,  to  read  hundredths  of  a  degree.  I  believe  this 
would  be  a  great  convenience,  and  as  I  am  making  a  field  book,  1 
should  be  glad  to  make  it  in  this  way  if  the  majority  of  engineers 
would  consider  it  worth  while.  It  would  mean  simply  a  change  in  the 
verniers    on   existing   instruments. 

RoBT.    Ferriday,    Engineer    Maintenance    of    Way,    C,    C,    C.    &    St.    L. 

Railway. 
Attached  is  the  interrogatory  circular  filled  out  for  all  but  the  first 
two  questions.  Answers  to  those  questions  do  not  establish  the  limits 
desired,  because  the  offset  and  length  of  spiral  (which  are  co-ordinate) 
are  functions  of  the  elevation  and  runoff,  or  grade  of  approach,  as  it 
is  sometimes  called.  The  grade  of  approach  is  not  usually  considered 
as  a  function  of  the  speed,  but  it  should  be,  and  should  vary  inversely 
with  it;  as  an  illustration,  assume  grade  of  approach  i  in.  in  80  ft. 
for  80  miles  per  hour,  then  the  grade  of  approach  for  40  miles  per 
hour  should  be  i  in.  in  40  ft.,  since  the  elevation  will  then  be  applied 
at   the   same    rate   per   unit   of  time. 

An  easement  curve  should  be  applied  when  the  offset  exceeds  the 
minimum,  to  be  determined  by  your  Committee,  and  as  this  involves 
the  grade  of  approach,  degree  of  curve  and  elevation,  I  recommend 
using  spiral  on  all  curves  of  one  degree  or  above  which  have  three 
inches  or  more  elevation,  the  grade  of  aproach  to  be,  where  possible, 
as  follows : 

I  in.  in  30  ft.  for  30  miles  per  hour. 

I  in.  in  40  ft.  for  40  miles  per  hour. 

I  in.  in  50  ft.  for  50  miles  per  hour. 

I  in.  in  60  ft.  for  60  miles  per  hour. 

I  in.  in  70  ft.  for  70  miles  per  hour. 

I  in.  in  80  ft.  for  80  miles  per  hour. 
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It  has  been  my  observation  that  the  grade  of  approach  should  be 
for  speeds  of  60  miles  per  hour,  at  least  i  in.  in  60  ft.;  further,  that 
on  spiraled  curves  of  high  elevation  and  speeds,  the  application  of  the 
elevation  at  as  high  a  rate  as  i  in.  in  100  ft.  gave  a  most  comfortable 
sensation  to  the  traveler.  This  grade  of  approach,  I  believe,  is  about 
the  practical  maximum,  considering  present  perfection  in  surface.  The 
following  table  shows  in  the  first  column  the  grade  of  approach  for 
various  speeds  based  on  the  maxinumi  i  in.  in  100  ft.  for  80  miles  per 
hour.  The  second  column  has  been  shown  for  comparison,  and  is 
recommended  as  a  practical  list,  probably  fitting  present  refinement  in 
surface  more  generally,  and  as  easily  to  be  kept  in  mind. 


Miles  per  Hour. 

Grade  of  Approach. 

• 
Grade  of  Approach 
(Practical). 

30 
40 
50 
60 
70 
80 

1  in.  in     37  ft. 
1  in.  in     50  It. 
1  in.  in     62  ft. 
1  in.  in     75  ft, 
1  in.  in     87  ft. 
1  in.  in  100  ft. 

30  ft. 
40  ft. 
50  ft. 
60  ft. 
70  ft. 
80  ft. 

The  following  table   shows  the   effect  of  my   recommendations   with 
regard   to   application  of  easement   curve : 


Degree. 

Miles  per  Hour. 

Elev. 

Length  of  Spiral. 

Offset. 

Rate  of  Increase. 

l°-00' 
l°-30' 
2°-00' 
3°-00' 

67 
55 
47 
39 

3  in. 
3  in. 
3  in. 
3  in. 

200  ft. 
165  ft. 
140  ft. 
120  ft. 

.28  ft. 
.30  ft. 
.27  ft. 
.31  ft. 

1°  in  210  ft. 
1°  in  110  ft. 
1°  in    70  ft. 
1°  in    40  ft. 

The  throw  of  the  track  at  the  point  of  original  circular  curve  is, 
of  course,  but  one-half  the  offset,  and  the  application  of  'easement  curve 
would  hardly  be  justified   for  less   throw   at   the   speeds   shown. 

The  following  table  shows  what  would  be  the  effect  if  easement 
curves  were  applied  to  curves  of  30  minutes  or  above  which  have  2  in. 
or  more   elevation : 


Degree. 

Miles  per  Hour. 

Elev. 

Length  of  Spiral. 

Offset. 

Rate  of  Increase. 

0°-30' 
l°-00' 
l°-00' 
l°-30' 
l°-30' 

80 
55 
80 
45 
80 

2    iu. 
2     in. 
4i  in. 
2     in. 
6i  in. 

160  ft. 
110  ft. 
360  ft. 
90  ft. 
500  ft. 

.10  ft. 
.09  ft. 
.95  ft. 
.09  ft. 
2.75  ft. 

1°  in  320  ft. 
1°  in  110  ft. 
1°  in  360  ft. 
1°  in    60  ft. 
1°  in  330  ft. 

The  offsets  for  elevations  of  2  in.  for  the  degree  as  shown  when 
compared  with  the  corresponding  speed,  do  not  justify  easement  curves. 
The  table  shows  that  for  high  speeds  on  one-degree  curves,  easement 
curves  are  justified,  and  when  compared  with  the  foregoing  table,  de- 
velops that  easements  should  be  applied  to  curves  of  one-degree  or 
above,  having  3  in.  or  more  elevation,  the  grade  of  approach,  where 
possible,  to  be  as  given  above. 
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Edwin   F.  Wendt,  Assistant  Engineer,   Pittsburg  &  Lake  Erie  Railroad. 

Answering  the   Circular  No.   102,  our  judgment  is  as  follows : 

For   speeds   of   30   miles   per    hour,    no    spirals   are    required. 

For  speeds  of  40  to  80  miles  per  hour,  spirals  should  be  applied 
to  all  curves  shorter  than  0°   30'. 

In  regard  to  the  minimum  of  feet  between  tangent  and  circular 
curve  which  it  is  practicable  to  use  for  a  spiral,  we  answer  that  spiral 
length  should  vary  as  the  cube  of  the  speed.  Our  basis  is  60  ft.  per 
degree   for  50-mile   speed. 

The  safe  minimum  distance  for  which  elevation  should  be  run  out 
for  low  speeds  is   i  in.  in   10  ft. 

The    most   satisfactory    distance    is    i    in.    in    15    ft. 

The   most   satisfactory  distances   for  speeds   of 

40  miles  per  hour  is  30  ft.  per  degree. 
50  miles  per  hour  is  60  ft.  per  degree. 
60  miles  per  hour  is  90  it.  per  degree. 
70  miles  per  hour  is  160  ft.  per  degree. 
80  miles  per  hour  is  240  ft.  per  degree. 

In  new  locations  in  the  choice  of  spirals  we  are  governed,  not  by 
topography,  but  by  speed  within  the   superelevation  limit  of  7   in. 

In  the  case  of  very  sharp  carves,  we  adjust  the  spiral  to  the  speed 
which  is  allowed. 

In  new  location  work  we  make  the  spirals  a  part  of  the  permanent 
alinement.  In  accordance  with  our  experience,  the  actual  speed  allowed 
should  not  theoretically  require  a  superelevation  exceeding  that  in  the 
track  by  more  than  3  in.,  preferably  2  in. 

1  might  say,  by  way  of  explanation,  that  the  Pittsburg  &  Lak,- 
Erie  began  the  use  of  spirals  in  1888,  just  20  years  ago.  At  that  time 
Elliot  Holbrook  was  General  Superintendent  of  this  railroad,  and  he 
put  into  use  what  is  known  as  the  "Holbrook  Spiral."  Since  that 
time  all  curves  on  this  railroad  have  been  equipped  with  spirals  of 
the  Holbrook  design. 

We  follow  the  practice  of  putting  spirals  on  all  curves  i  degree 
or  over,  and  at  the  present  time  I  think  that  practically  all  curves  on 
this  railroad  are  spiraled.  Where  speed  is  maximum  we  feel  that 
150  ft.  spirals  should  be  used.  This  we  consider  our  best  practice. 
The  general  practice,  however,  at  the  present  time  is  to  use  loo-ft. 
spirals,  except  at  a  very  few  points,  where  conditions  warrant  the  use 
of   60-ft.    spirals — the   element   of   speed    determines    our   decision. 

Since  this  road  has  had  20  full  years  of  experience  with  the  use 
of  spirals,  we  feel  that  we  are  warranted  in  certain  conclusions.  Re- 
ferring again  to   the   questions : 

(i)  The  safe  minimum  distance  for  which  elevation  should  be 
run  out  for  low  speeds   is   i   in.   in  10  ft. 

We  must  say  that  this  practice  should  never  be  followed  except 
in  yards.     Such  a  practice  should  not   be  used   where   the  track  is   not 
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kept  in  good  condition.  Our  practice  on  the  Pittsburg  &  Lake  Eric 
is  to  keep  yard  tracks  in  good  surface,  because  we  find  that  this  pays 
by  enabhng  tlic  yard  to  be  handled  economically.  The  question  asks 
the  "minimum  distance,"  and  we  answered  by  using  what  we  consider 
a  minimum,  but  which  is  seldom  used,  if  ever,  on  our  road.  In  other 
words,  in  answering  the  questions,  we  take  them  literally.  If  tracks 
are  in  good  surface,  a  change  of  i  in.  in  lo  ft.  should  not  result  in 
derailment.     I    do    not    regard    this,    however,    as    best    practice. 

(2)  The  most  satisfactory  distance  is  i  in.  in  15  it.  I  would  not 
endorse  this  practice  for  many  railroads,  but  we  have  light  curvature 
here,  and  our  answer  refers  strictly  to  sidings,  not  to  main  track.  Our 
rule  in  yards  is  to  elevate  very  little.  For  instance,  a  3-degree  curve 
in  a  yard  could  be  operated  very  well  indeed  with  i-in.  elevation.  I 
think  our  constant  aim  should  be  to  elevate  tracks  in  yards  just  as 
little   as   possible. 

This  whole  question  of  elevation  of  curves  outside  of  main  line 
is  one  which  is  worthy  of  considerable  study.  The  common  practice 
in  some  parts  of  America  has  been  to  elevate  much  more  than  is 
necessary.  The  general  rule  should  be  to  hold  the  elevation  down  to 
the    lowest    point    consistent    with-  economical    movement. 

(3)  The  Committee's  interpretation  of  our  answer  is  practically  cor- 
rect. Our  theory  is  that  a  moving  train  rounding  a  curve  should  be 
adjusted   to   the   difference   in   elevation   at   a   uniform    rate. 

If  you  have  a  4-degree  curve  and  elevate  it  for  60  miles  per  hour, 
a  certain  length  of  spiral  will  be  necessary  in  order  to  accomplish  the 
desired  end.  If,  however,  a  4-degree  curve  is  elevated  for  only  45 
miles   per   hour,   this   is   a   different   proposition. 

Ten  years  ago  we  used  no  spiral  longer  than  60  ft.  per  degree. 
Speeds  at  that  time  were  about  50  miles  per  hour  ordinarily  and  60 
miles  per  hour  maximum.  To-day  we  find  trains  running  75  miles  per 
hour  right  along,  and  we  find  it  now  necessary  to  use  60-ft.  spirals, 
loo-ft.  spirals  and  iso-ft.  spirals,  just  as  conditions  require.  Our 
maximum  elevation  is  8  in.  When  speed  requires  more  than  8  in. 
elevation  we  put  a  note  in  the  timetable  designating  the  maximum  speed 
which  should  be  run  at  certain  curves.  This  is  a  very  interesting 
proposition,  and  one  which  we  studied  very  carefully  last  winter.  For 
instance,  4°  20'  curve  elevated  for  55  miles  per  hour  will  require  just 
about  the  maximum.  We  found,  how'ever,  that  trains  would  round  such 
curves  at  75  miles  per  hour.  A  close  study  of  the  theory  of  the  propo- 
sition resulted  in  a  conviction  on  our  part  that  we  should  not  permit  the 
trains  to  make  this  maximum  speed.  Experience  seems  to  show  that 
ordinarily  it  would  be  safe  to  run  at  58  per  cent,  or  at  120  per 
cent,  of  the  speed  for  which  rail  is  elevated,  as  indicated  by  the 
question  in  the  Committee's  letter,  but  we  do  not  approve  this  as 
good  practice. 

In  regard  to  the  last  question  in  the  Committee's  letter,  the  expe- 
rience which  we  have  gained  during  the  past  20  years  has  convinced 
us   that    for   speeds   of  60  miles   per   hour    loo-ft.   spirals   will   give   good 
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results.  If  75  miles  per  hour  is  followed  on  the  open  road,  we  think 
longer  spirals  are  desirable. 

In  regard  to  the  cost  of  maintaining  spirals,  our  view  is  that  we 
are  now  in  position  to  maintain  curves  with  spirals  just  as  cheaply  as 
curves    without    spirals. 

In  regard  to  this  whole  question  of  spirals,  I  have  seen  a  little 
book,  by  Talbot,  called  "The  Railway  Transition  Spiral."  In  that  book 
there  is  a  very  valuable  discussion  of  the  question  of  choice  of  spirals 
with  respect  to  length,  etc.  We  studied  this  question  and  worked  out 
our  conclusions,  never  having  seen  Talbot's  book,  but  since  looking  it 
over  we  found  that  Talbot  and  ourselves  practically  agree  with  respect 
to  the  question  of  superelevation.  We  have  come  to  our  conclusions 
by   tempering  theory  by  experience. 

George   W.    Kittredge,    Chief   Engineer,    New    York   Central    &    Hudson 

River   Railroad. 

Referring  to  the  circular  letter  of  the  Committee  on  Track,  dated 
June  8,  1908,  the  practice  on  the  New  York  Central  in  regard  to  spirals 
is  such  that  it  is  rather  difificult  to  answer  the  questions  as  outlined 
in  the  circular.  I  attach  a  map  of  our  transition  cun-e,  K-12,  which  is 
in  use  on  this  road.     It  will  be  noted : 

(i)  and  (2)  That  the  minimum  curve  to  which  spiral  is  applied 
is  I  degree,  and  the  length  of  spiral  for  such  a  curve  is  100  ft.  The 
length  of  spiral  for  1°  30'  curve  is  150  ft.  and  the  length  for  2-degree 
cur\'es  and  over   is  200  ft.,  irrespective  of  the  speed. 

(3)  A  safe  minimum  distance  for  which  elevations  should  be 
run   out    for   low   speed   is   about    i    in.    for   30    fl. 

(4)  The  most  satisfactory  distance  for  which  elevations  should 
be  run  out  for  low  speed  is  about  ^-in.  for  30  ft. 

(s)  Our  rule  in  regard  to  runout  on  curves  is  as  follows:  "'Sim- 
ple' curves  shall  have  full  elevation  at  the  point  of  cun-e  and  the 
same  elevation  shall  be  used  uniformly  for  the  entire  length  of  the 
curve.  For  elevations  of  3  in.  and  under,  the  rate  of  the  runoff  on 
the  tangents  shall  be  one-quarter  of  an  inch  per  30  ft.  For  elevations 
over  3   in.   the   runoff   shall   not    exceed    360   ft." 

(6)  and  (7)  All  the  new  lines  constructed  within  recent  years 
by  the  New  York  Central  have  been  for  slow-moving  freight  trains,  so 
that  the  question  of  spirals  has  not  entered  largely  in  the  location. 

(8)  From  observation,  I  believe  that  a  speed  of  25  to  30  per  cent, 
in  excess  of  the  calculated  speed  for  which  rails  are  elevated  can  be 
maintained   with   safety   and   with   but   little   discomfort. 

C.  J.  Parker,  Principal  Assistant  Engineer,  New  York  Central  & 
Hudson  River  Railroad. 
The  maximum  rate  of  speed  at  which  a  train  can  travel  over  a 
curve  where  the  runoff  is  i  in.  in  uo  ft.  without  disagreeable  effects 
due  to  too  rapid  tipping  of  cars  is  65  to  70  miles  per  hour,  and  where 
the  runoff  is  i  in.  in  60  ft.  a  speed  of  45  to  50  miles  per  hour. 
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DISCUSSION. 

Mr.  L.  S.  Rose  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — In 
order  to  get  the  Committee's  report  before  the  Association,  I  think  it 
would  be  well  to  have  the  conclusions  read,  and  1  therefore  move  that 
conclusion  i   be  adopted. 

The  Vice-President : — -Perhaps  it  will  be  best  for  the  Secretary  to 
read  the  conclusions  one  by  one,  and  if  anyone  wishes  to  discuss 
them  an  opportunity  will  be  given. 

The  Secretary: — "(i)  That  the  formulas  for  the  functions  of  the 
split  switch  proposed  be  approved  as  good  practice." 

Mr.  Rose : — The  formulas  referred  to  are  contained  on  pages  449, 
450,    452,   453   and   454   of    Bulletin    108. 

Mr.  W.  C.  Cushing  (Penns^dvania  Lines): — I  would  like  to  ask 
the  chairman  of  the  Committee  if  it  is  the  intention  to  recommend  as 
standard  so  many  different  lengths  of  switch  rail,  and,  if  so,  what  is 
the  benefit  to   be   derived    from   a   recommendation   of  that   kind? 

Mr.  Rose: — That  refers  to  conclusion  2.  It  is  the  intention,  how- 
ever, to  do  that. 

The  Secretary: — "(2)  That  the  properties  of  the  frogs  and  switch 
rails   given   in   the   accompanying   tables   be   approved   as    good   practice." 

Mr.  Rose: — These  tables  are  found  on  page  451.  It  was  the  in- 
tention of  the  Connnitlec  to  prepare  tables  for  frogs  and  switches 
which  .would  meet  the  varied  experience,  which  would  be  good  for 
one  railroad,  but  could  be  used  by  others,  and  for  that  reason  the 
different  lengths  are  given  as  shown  here. 

Mr.  W.  C.  Cushing: — I  think  one  of  the  chief  values  of  the  work 
of  this  Association  is  in  harmonizing  small  differences  like  that  into 
uniform  practice.  I  think  it  helps  the  supplymcn  as  well  as  ourselves 
not  to  have  such  minor  differences  in  things  of  that  kind.  For  that 
reason    I    am    opposed    to   the    recommendation. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — I  tlinnmohly  agree 
with  Mr.  Cushing  in  that  matter,  and  would  ai.so  still  furJlier  object 
to  the  different  lengths  of  frogs  in  that  connection.  I  'hink  that  is 
unnecessary. 

Mr.  Rose: — I  would  ask  Mr.  Cushing  and  iMr.  Ewing  what  ones 
they    would    nniit. 

Mr.  W.  C.  Cushing: — I  have  no  reconnncndation  to  make  on  thai. 
Mr.  President :  I  think  as  far  as  I  am  concerned,  I  would  be  pre- 
pared to  trj-  to  have  my  practice  conform  with  such  recommendation 
as  would  be  made  by  the  Committee  after  a  thorough  consideration  of 
the  whole  subject.  At  present  we  get  along  with  two  lengths  of 
switches,  18  and  30  feet.  I  do  not  mean  to  argue  those  are  the  only 
and  best  lengths  to  use.  but  T  believe  that  all  of  us  can  get  along 
with  at  least  three  lengths  of  switches,  and  I  do  not  think  I  boy  need 
differ  by  -two   feet  all  the   way  up. 
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Mr.  Rose : — The  Committee  has  considered  this  quite  thoroughly 
and  had  considerable  discussion  on  the  subject,  and  as  a  result  pre- 
pared a  table  that  anyone  can  use.  It  is  not  the  intention  of  the 
Committee  to  recommend  that  all  of  these  shall  be  used,  but  in  can- 
vassing the  question  we  found  it  would  be  impossible  to  get  all  the 
members  of  this  Association  to  agree  on  three  lengths  of  switches. 
Any  three  we  might  take  would  not  suit  everyone ;  but  the  table  can 
be   used  by  any   road  that   wants  to  use   it  after  it   is   adopted. 

Mr.  W.  C.  Cushing: — Is  it  not  possible  to  cut  them  down  some, 
even  if  you  have  only  four  or  five?  I  think  as  the  work  of  this  Asso- 
ciation proceeds  we  have  a  revelation  every  once  in  awhile  and  find 
that  where  we  could  not  do  without  a_  certain  thing  last  year,  we 
can   do  without  it   this  year. 

Mr.  A.  L.  Kuehn  (American  Creosoting  Company)  : — This  table, 
as  the  Committee  presents  it,  is  essentially  a  formula  and  the  Associa 
tion  in  adopting  it  would  simply  adopt  a  method  of  computing  switches 
and  frogs,  and  would  not  by  any  means  adopt  all  these  lengths.  There 
is  a  considerable  difference  in  computing  lengths  of  switches  and 
frogs,  and  this  formula  is  the  best  and  would  be  used  when  two  or 
three  or  four  standards  were  adopted.  The  Association  would  simply 
put  itself  on   record  that   it  wanted   the  lengths   computed   in   that   way. 

Mr.  A.  W.  Thompson  (Baltimore  &  Ohio)  : — As  I  look  at  this 
table,  the  figures  as  worked  out  are  not  theoretical  all  the  way  through. 

Mr.  S.  S.  Roberts  (University  of  Illinois)  : — Not  entirely  theo- 
retical all  the  way  through  for  the  reason  that  if  the  exact  theoretical 
dimensiolis  are  adhered  to,  every  part  of  every  frog  will  be  different 
and  dimensions  in  fractions  of  inches  will  be  obtained.  We  gave  con- 
siderable thought  to  the  preparation  of  the  tables  now  presented,  and 
tried,  as  far  as  possible,  to  reconcile  our  results  to  practice ;  not  the 
practice  of  any  one  road,  but  considering  the  views  of  the  Committee 
and  all  other  information  we  could  obtain,  we  feel  that  we  have  arrived 
at  a  compromise  by  the  adoption  and  use  of  which  no  road  will  go 
very  far  wrong.  The  purpose  of  submitting  this  table  of  frogs  and 
switch  rails  is  simply  to  get  an  exact  basis  from  which  to  revise  the 
functions  of  turnouts  that  were  submitted  last  year.  The  Board  of 
Direction,  as  we  imderstand  it,  requested  us  to  revise  that  table,  and 
that  required  a  great  mass  of  figures.  The  results  of  these  figures  are 
in  the  end  based  on  the  properties  which  are  given  to  the  frog  and 
to  the  switch  rail.  The  object  in  proposing  this  table  is,  therefore, 
to  get  the  Association,  if  it  does  not  agree  with  what  we  propose,  to 
propose  something  definite  to  us  so  that  next  year,  in  carrying  on  the 
work,  we  can  then  revise  the  table  as  requested  and  get  results  that 
will   meet   with   approval. 

M'r.  A.  W.  Thompson : — I  think  the  argument  is  in  line  with  the 
objection  of  Mr.  Cushing,  which  I  agree  with,  particularly  since  we 
arc  getting  new  sections  of  rail,  and  the  stock  of  frogs  and  switches 
required   to   be   kept   on   hand   to   meet   so   many   sections   of   rail    is   get- 
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ting  to  the  point  where  the  stock  is  large  and  the  interest  alone  on  the 
money  tied  up  in  such  stock  amounts  to  a  great  amount  of  money. 
The  managers  of  railroads  are  urging  a  reduction  of  the  stock  on 
hand,  and  if  this  table  is  worked  out  to  meet  something  that  the 
Association  wants,  I  think  the  arguments  of  Mr.  Gushing  are  good. 
I  think  all  of  us  remember  when  the  variations  in  frog  angles,  as 
shown  on  this  table,  were  double,  and  there  were  many  special  frogs 
in  addition  to  these,  and  for  the  very  reason  of  the  amount  of  material 
necessary  to  be  kept  on  hand,  we  should  consider  a  reduction  in  the 
number   of   frogs    and    switches    recommended. 

Mr.  Roberts : — The  Committee  does  not  presume  that  every  rail- 
road will  use  every  frog  and  every  switch  rail  given  in  the  tables.  It 
is  probable  that  any  one  particular  road  will  have  a  certain  standard 
frog  for  its  main  track  and  a  certain  standard  frog  for  its  sidetracks. 
Now  we  claim  if  any  of  the  roads  are  using  the  properties  of  any  of 
the  frogs  and  the  switches  given  in  the  tables  as  their  standards,  they 
will  follow  good  practice ;  but  we  do  not  like  to  state  that  only  two  or 
three  frogs  and  switch  rails  are  the  only  standards  we  would  recom- 
mend. The  different  roads  by  which  I  have  been  employed  have  all 
had  three  different  frogs  and  switch  rails  termed  standard ;  but  the 
frogs  and  switch  rails  so  designated  were  different  on  each  road,  and 
each   road  went   through  the   whole   gamut   in   their   large    terminals. 

Mr.  Rose : — This  was  brought  forcibly  to  the  Committee  in  answer 
to  a  circular  sent  out  last  year;  out  of  forty  or  fifty  replies  hardly  any 
two  had  the  same  frog  and  switch,  and  the  adoption  of  this  table 
does  not  commit  the  Association  to  all  these  as  the  practice  that 
everyone  should  follow,  but  as  the  proper  functions  of  frogs  and 
switches  of  such  numbers  or  lengths  which  can  be  used  by  the  younger 
men. 

Mr.  W.  C.  Cushing : — I  would  like  to  correct  the  former  speaker, 
in  saying  this  length  of  switch  rail  has  nothing  to  do  with  the  switch 
lead.  The  switch  lead  calculation  is  an  entiridy  different  thing  and 
the  switch  rail  is  fixed  arbitrarily.  It  is  a  general  principle,  I  think, 
that  we  all  recognize,  that  no  one  wants  any  longer  switch  rail  than 
is  proper  for  the  best  construction  of  the  track,  and  by  reducing  the 
number  of  frogs  in  use  to  as  few  as  possible,  we  reduce  the  number 
to  be  carried  in  stock.  It  does,  as  Mr.  Thompson  has  already  said, 
reduce  the  stock  of  a  railroad  company  very  materiall}',  and  I  do  not 
know  any  better  way  that  an  engineer  in  charge  of  that  kind  of  woik 
on  a  railroad  can  benefit  his  company  more  than  by  giving  very  close 
attention  to  that  very  point  and  bringing  down  his  stock.  I  have 
always  considered  that  one  of  the  great  results  to  be  accomplished 
by  this  Association  was  the  harmonizing  of  the  large  differences  in 
practice  and  in  material  used  on  the  different  railroads.  It  not  only 
helps  the  railroad  company,  but  it  helps  the  supplyman,  and  our  in- 
terests are  mutual,  and  we  should  feel  on  that  account  that  we  are 
accomplishing    something,    and    that'  is    what    we    are    working    toward 
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constantly.  If  this  table  goes  out  in  tliis  way.  one  picks  one  thing 
and  another  picks  another,  and  we  are  as  widely  apart  as  we  arc  at 
the  present  time.  Even  on  a  large  railroad  system  the  engineers  do 
not  agree  on  these  matters.  Even  on  our  own  system  we  would 
probably  have  as  large  a  table  as  this  is,  if  we  were  not  required  to 
come  together  and  agree  on  something,  and  I  think  this  Committee 
can  do  the  same  thing  and,  working  from  proper  principles,  establish 
what  seems  to  be  a  good  length  for  these  switches  and  say  that  that 
is  what  they  recommend.  The  Association  docs  not  have  to  recommend 
it,  if  it  docs  not  want  to,  but  it  is  the  best  judgment  of  the  Com- 
nuttec,  and  the  judgment  of  the  Committee,  when  given  in  that  way, 
carries  weight.  My  remarks  do  not  refer  to  the  frogs,  because  that 
is  a  point  in  itself.  The  proper  principles  to  establish  the  length  of  a 
frog  are  that  tlio  cutting  of  the  flanges  from  angle  bars  should  not 
be  required,  'and  tlicy  should  fit  the  tie  spacing.  The  Committee  has 
recognized  that  principle  in  this  list  and  their  length  of  frogs  may  be 
all  right.  I  have  not  gone  into  it  sufficieiitly  to  say  that  it  is  n®t. 
I  do  know  that  our  own  length  of  frogs  needs  revision,  and  we  have 
been  postponing  it  largely  on  account  of  the  v/ork  of  this  Committee 
in  the  hope  that  when  we  did  make  our  next  change  we  could  begin 
to  use  the  recommendations  of  the  Association.  Some  of  the  argu- 
ments of  the  Committee  indicate  tiiat  railroad  standards  are  inviolable, 
they  cannot  be  changed,  and  that  l>ecause  tlic  railroad  companies  have 
established  them  as  standards,  why,  that  ends  ir.  It  seems  \n  me  that 
is   not  a   very   forciI)le  argument   to   use   in   a   maiter   of   tliis   kind. 

Mr.  ]'2dvvin  F.  Wendt  (Pittsbnig  &  Lake  Erie)  : — It  seems  to  me 
that  the  tables  are  hardly  in  proper  form  to  be  printed  as  a  part  of 
the  Manual,  l)ec.uisc  they  involve  a  number  of  assumptions  on  which 
this  Association  has  never  taken  action.  These  tables  involve  switch 
angles,  lengths  of  frogs  and  lengths  of  switches,  and  the  Association 
has  not  placed  its  staniji  of  approval  as  yet  on  any  standards  for  any 
of  these  features.  Furthermore,  I  may  say  that  the  maintenance  of 
way  committee  of  the  New  York  Central  Lines  has  given  this  ques- 
tion considerable  study,  with  the  result  that  it  has  been  considered 
advisable  and  feasible  to  use  three  lengths  of  switch  rails  only  as 
standard,  and  our  aim,  as  an  Association,  should  be  to  reconuiiend 
standard  practice   with   respect   to   this   feature   of   railway    work, 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  .'^t.  Louis)  :— 1 
would  like  to  refer  you  to  page  445  of  the  instructions  of  the  Board 
of   Direction    to   this   Committee.     Clause    (a)    reads   as    follows: 

"(a)  To  revise  the  frog  table  submitted  in  1908,  and  to  extend  th*^ 
table  to  make  it  more  nearly  universal  and  to  present  a  definite  recom- 
mendation  for   the    length   of   switch    for    each    frog." 

If  this  Committee  has  not  complied  with  that  instruction,  I  do 
not  know  how  else  they  could  have  done  it.  It  seems  to  me  that 
this    argument    here    to-night    is    for    a    new    instruction    to    this    Com- 
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niittee  to  be  carried  out  next  year,  and  T  think  it  is  not  pertinent  to 
this    question. 

Mr.  W.  M.  Camp  (Railway  and  Enginee'-ing  Review)  : — I  think 
this  question  ought  to  be  settled  here  to-night,  because  precisely  the 
same  thing  came  up  last  year.  Somebody  objected  to  too  many  lengths 
of  switches.  Conclusion  2  reads :  "That  the  properties  of  the  frogs 
and  switch  rails  given  in  the  accompanying  tables  be  approved  as 
good  practice."  If  by  that  the  Committee  means  that  they  recommend 
all  these  lengths  of  switches,  then  I  would  agree  with  Mr.  Cushing. 
I  find  switches  in  lengths  of  10,  12,  15,  18,  20,  22,  24  and  30  ft.  The 
only  unusual  lengths  are  the  18  and  22  ft.  lengths.  If  the  Committee 
intends  to  recommend  all  of  these  lengths,  I  would  think  that  they 
have  listed  them  too  numerously ;  Init  if  by  these  tables  the  Committee 
intends  simply  that  if  an  engineer  wishes  to  use  any  of  these  lengths 
he  may  turn  to  these  tables  and  find  the  switch  angle  and  the  other 
data  which  pertain  to  that  particular  length  of  switch,  then  1  see  no 
objection  to  the  tables  as  they  stand.  Does  the  Committee  in  conclu- 
sion 2  intend  to  recommend  all  of  these  lengths  as  good  practice? 
Is   that   the   intention    of   the    Committee? 

Mr.   Rose  : — Yes,    sir. 

Mr.  Roberts :— I  would  like  to  say  that  one  of  the  criticisms  of 
this  Committee  last  year  was  that  the  lengths  of  switch  rails,  as 
recommended,  could  not  be  cut  from  commercial  lengths  of  rail  with- 
out waste.  We  have  tried  to  avoid  this  condition  this  year,  and  further 
W6  hope  eventually  to  reconniiend  leads  that  will  contain  between  the 
liecl  of  the  switch  rail  and  the  point  of  the  frog,  commercial  lengths 
of  rail  or  such  fraction  thereof  that  the  pieces  cut  will  not  be  wasted. 
We  selected  18  and  21  feet  for  switch  rails  so  that  an  18  and  a  12 
foot  switch  rail  may  be  obtained  from  a  30-foot  rail,  and  an  18  and  a 
15-foot  from  a  33-foot  rail,  and  a  21  and  a  12-foot  switch  rail  from  a 
33-foot   rail. 

Mr.  Camp : — You  mean  that  18  and  15  would  go  together  and  22 
and  II?  That  is,  you  could  cut  up  a  33-foot  rail  so  as  to  get  18  and 
15    foot  lengths   or  22   and    11    foot   lengths. 

Mr.    Roberts  : — Yes,    sir. 

Mr.  Camp : — If  these  tables  would  have  the  effect  of  increasing  the 
variety  in  length  of  switches,  I  think  it  would  be  a  good  thing  to  cut 
out  one  or  two  of  these  lengths,  as  Mr.  Cushing  suggests.  I  would 
like  to  hear  some  expression  from  the  members  as  to  whether  or  not 
the  tables  might  have  that  effect.  Perhaps  if  the  chair  would  call 
upon  some  manufacturer  present  we  might  get  additional  light  on  the 
question. 

Mr.  C.  C.  Wentworth  (Norfolk  &  Western)  :— I  move  that  the 
sense  of  the  convention  as  a  whole  be  given  to  the  effect  that  there 
be  only  three  lengths  of  switches  and  three  lengths  of  frogs.  I  do  not 
care   to    fix   the   lengths,   but   would   leave   that    to   the    Committee. 

Mr.   A.  L.   Kuehn : — It  seems   to   me  ari   expression   of  that   kind   is 
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supplementary  to  this  table.  When  we  have  adopted  the  table  we 
have   begun,    and    we   can    cut    down    to    perhaps    two    lengths. 

Mr.  A.  H.  Rudd  (Pennsylvania  Railroad)  : — Mr.  Chairman,  you 
established  a  splendid  precedent  this  afternoon  by  adopting  the  report 
of  Committee  No.  lO  on  rubber-covered  wire.  In  that  report  there 
were  tables  of  different  sized  wires,  and  each  size  required  a  certain 
insulation.  Probably  no  one  road  will  use  all  these  wires.  You  have 
a  table  here  of  switch  lengths,  and  if  a  certain  length  of  switch  is  used, 
certain  other  things  must  be  done.  It  does  not  necessarily  follow  that 
a  road  would  use  all  those  switch  lengths.  It  seems  to  me  the  work 
of  the  Committee  should  not  be  thrown  away,  but  that  we  should 
adopt  the  table  and  next  year  sec  if  it  is  possible  to  come  to  some 
two   or   three  lengths   of   frogs. 

iMr.  John  V.  Hanna  (Kansas  City  Terminal)  : — I  can  appreciate 
the  benefit  to  a  road  that  is  adopting  standards  of  making  the  differ- 
ent length  switch  points  as  few  in  number  as  .possible,  but  I  do  not 
see  any  particular  advantage  in  having  the  frogs  of  the  same  length 
when  they  arc  of  different  angles.  That  would  not  affect  yaur  stoik 
in  any  way.  The  number  of  frogs  you  keep  in  stock  depends  on  the 
different  angles  of  frogs  you  use  for  your  work  and  not  on  the 
lengths.  I  think  the  proper  thing  to  do  is  to  have  different  lengths 
of  frogs  for  different  angles  whenever  there  is  anything  to  be  gained 
by  changing  the  lengths.  Whenever,  by  changing  the  lengths,  you  can 
use  your  standard  angle  bars,  or  splices,  without  cutting,  it  is  an  ad- 
vantage to  do  it.  I  do  not  know  that  the  recommendation  of  a  large 
number  of  switch  points  obligates  any  railroad  to  adopt  all  of  them 
for  its  standards,  and  I  can  see  considerable  help  to  the  engineers  who 
have  to  figure   these  things  out  in   having  this   information  before   them. 

Mr.  Roberts: — I  think  the  point  of  the  last  speaker  is  well  taken, 
and  one  of  the  ideas  in  having  different  lengths  of  frogs  was  to  make 
the  distance  from  the  point  to  the  toe  of  the  frog  as  short  as  possible. 
In  lengthening  the  wing  rail  of  the  frog  we  cut  down  the  available 
tangent  for  the  lead  curve  more  rapidly  than  in  any  other  way,  and 
the  shorter  you  can  make  the  wing  rail  the  lighter  will  be  the  lead 
curve  and  the  better  lead  you  will  obtain.  This  is  one  of  the  reasons 
for  choosing  the  frog  dimensions  recommended.  We  made  the  frogs, 
I  believe,  from  No.  9  to  No.  12  the  same  length  from  point  to  toe, 
so  that  as  desired  either  spring  frogs  or  rigid  frogs  might  be  made 
of  the  given  length.  We  believe  spring  and  rigid  frogs  of  the  same 
number  should  be  the  same  length.  Thus,  if  a  spring  frog  in  the 
track  is  broken  and  it  is  necessary  to  take  it  out  of  the  track  and  the 
only  frog  on  hand  to  replace  it  is  a  rigid  frog,  it  will  not  be  necessary 
to  disturb  the  lead.  Opposed  to  frogs  of  different  number  being  of 
different  length,  this  proposition  has  been  advanced:  "Suppose  a  frog 
is  broken  and  you  have  not  another  frog  of  the  same  number  to  re- 
place it.  Your  frogs  are  of  different  lengths ;  consequently  you  have 
got   to  tear   up  everything  to   put   the   frog   in   the   track."     In    reply   to 
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this  my  experience  is,  if  frogs  are  of  different  angles,  that  is,  of  dif- 
ferent numbers,  and  if  you  substitute  one  frog  for  another  you  have 
got   to  tear   up   the   lead   anyway   in   order   to   make   any   kind   of   a   job. 

The  Vice-President: — We  have  the  motion  before  the  house,  as 
I  understand,  to  instruct  the  Committee  to  reduce  these  lengths  to  three 
in  number.  You  will  please  confine  your  remarks  to  that  motion  as 
closely  as  you   can.     Do   you   wish    to    say   anything,   Mr.    Cushing? 

Mr.    W.   C.   Cushing: — No,   sir. 

The  Vice-President: — Is  there  any  manufacturer  present  who 
would   care   to   be   heard   from? 

Mr.  T.  H.  Gatlin  (Southern  Railway)  : — I  wish  to  say  that  within 
the  last  3'ear  it  has  occurred  to  our  railroad  to  use  the  lead  curve  and 
the  formulas  for  the  functions  of  the  switches  as  worked  up  by  the 
Committee,  and  in  justice  to  them  I  would  like  to  say  that  in  special 
work  the  formulas  for  the  functions  made  a  very  satisfactory  fit  in 
actual  work  in  the  field.  Now  it  occurs  to  me  that  there  are  often 
times  in  the  practice  of  all  of  us  when  this  special  switch  work  would 
become  necessary.  If  we  limit  the  labor  of  the  Committee  to  reporting 
on  only  three  lengths  of  switches  and  three  lengths  and  angles  of 
frogs,  then  the  dissemination  of  complete  information  which  we  seek 
has  been  defeated,  and  it  is  greatly  to  be  desired  that  the  table  be 
accepted  as  such  for  the  information  and  government  of  those  who 
wish   to    use    it. 

Mr.  Ewing: — We  have  on  our  road  frogs  running  from  No.  2  to 
No.  20.  We  have  absolutely  no  trouble  in  keeping  the  length  of  the 
switches  down  to  four,  and  there  is  no  reason  why  we  could  not  get 
down  to  three.  One  member  of  the  Committee  has  suggested  the 
matter  of  keeping  a  certain  length  cf  frog  for  sidetracks  and  a  cer- 
tain length  for  main  tracks.  That  would  be  a  duplication  at  once. 
iMaterial  taken  out  of  th«  main  track  could  not  be  used  in  the  side- 
track. We  have  three  lengths  of  frogs.  There  is  another  feature 
in  connection  with  it.  We  find  frogs  recommended  that  are  8  feet 
long.  A  great  many  of  us  would  not  permit  a  piece  of  rail  to  be 
placed  in  the  track  less  than  12  feet  in  length,  and  yet  we  recommend 
a  frog  to  be  made  of  two  pieces  of  rail  for  the  main  track  when  the 
total  length  is  only  8  feet. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  think  this  motion  is  not 
apropos  to  the  question  before  the  house.  This  Committee  has  given 
a  table  and  furnished  a  resolution  to  the  effect  that  the  properties  of 
frogs  and  switch  rails  given  in  the  table  be  approved  as  good  practice. 
They  have  established  in  these  tables  a  ratio  between  the  angle,  the 
length  of  frog  and  the  switch  point  to  be  used  with  it.  The  question 
for  us  to  decide  now  is,  is  this  ratio  correct?  There  is  not  a  question 
before  the  house  as  to  whether  we  should  be  restricted  to  certain 
lengths  of  frogs,  properly  speaking.  We  should  first  decide  whether 
the  ratio  established  in  the  table  is  correct.  I  fully  concur  in  the 
idea    that    all    of    the    tables    should    be    preserved,    because    they    have 
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information  in  them  that  is  valual)lc,  but  at  the  same  time  it  is  proper 
for  the  Association  to  recommend  as  good  practice  that  certain  lengths 
of  frogs  and   switches   should    be   used   in   sidetracks. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — I  will  speak  tc 
the  motion,  as  suggested:  for  twenty  years  we  liave  used  but  three 
lengths  of  frogs  for  all  sidings,  generally  only  one,  the  other  two 
being  small  angle  frogs,  the  length  being  increased  simply  to  cover 
the  angle  bar;  and  only  two  lengths  of  switches.  I  am  heartily  in 
accord  with  instructions  being  given  to  the  Committee  to  reduce  the 
luunber  of  frog  lengths  to  three.  There  is  an  argument  for  the  few 
standard  lengths  of  frogs,  namely,  that  trains  will  ride  better  over  a 
long  length  than  they  will  over  a  short  length  frog;  and  the  substi- 
tution of  a  new  frog  for  a  broken  frog  is  made  simpler  if  the  frogs 
are  of  the  same  length.  Tliis  tabic  is  something  to  be  used  as  giving 
the  dimensions  of  a  frog,  or  a  switch  that  may  be  constructed  by  any 
road ;  and  if  the  words  "good  practice"  were  omitted,  and  if  it  were 
described  as  a  table  of  dimensions  of  frogs  and  switches  for  general 
information,  I  think  there  would  not  be  any  objection  to  these  two 
conclusions.  But  I  think  when  we  lay  before  this  Association  some- 
tliing  as  being  "good  practice"  it  should  embody  dimensions  of  frogs 
and  switches  that  roads  generally  use,  not  something  that  they  might 
or  would  use,  in  case  they  see  fit ;  and,  therefore,  multiply  the  di- 
mensions of  everyone  of  these  articles  and  multiply  the  stock  to  be 
kept  on  hand,  which  we  all  complain  about. 

Mr.  Camp : — T  think  it  would  be  exceedingly  good  practice  for 
any  individual  road  to  reduce  the  lengths  of  its  switches  to  three 
standards,  or  even  to  two,  if  feasible,  but  if  this  motion  prevails  I 
think  it  will  be  difficult  for  the  Committee  to  select  any  three  certain 
lengths  which  would  be  suitable  to  the  multitude  of  roads.  If  that 
were  done  the  table  may  be  less  satisfactory  than  it  is  now.  This 
motion  has  come  up  rather  suddenh',  this  idea  of  placing  upon  the  Com- 
jnitlee  the  responsibility  of  selecting  the  three  lengths  to  be  used,  and 
for   that    reason   I   would    not    like    to   see   it   carried. 

Let  us  just  consider,  for  a  moment,  the  utility  of  these  various 
switch  lengths.  A  io-f(.  or  u-fl.  switch  is  occasionally  used  on 
yard  or  industry  tracks  where  there  is  necessity  for  a  turnout  of 
very  sharp  curvature.  A  length  of  15  feet  is,  as  we  all  know  very 
well,  in  nearly  universal  use  in  this  country  and  has  been  the  standard 
length  of  split  switch  for  more  than  a  generation.  Since  higher  speeds 
have  come  into  practice,  particularly  where  there  is  interlocking,  it 
is  desirable  to  have  a  switch  point  of  smaller  angle  than  corresponds 
to  a  15-foot  length,  permitting  faster  speed  through  the  turnout,  and 
so  the  20-foot  length  has  come  into  use  to  a  considerable  extent.  The 
18-foot  and  22-foot  lengths  might  be  considered  variations  from  the 
20-foot  length,  as,  perhaps,  fitting  the  turnout  better,  in  the  minds  of 
sonic  engineers;  but  they  could,  undoubtedly,  be  dispensed  with  without 
serious  inconvenience   to  practice.     Now   the  24-foot  and   30-foot  lengths 
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are  intended  for  switches  at  the  end  of  double  track,  or  at  junctions 
or  other  points  where  a  switchman  or  interlocking  plant  is  located,  so 
that  trains  may  take  the  switch  at  good  speed.  Both  of  these  lengths 
are  largely  in  service  and  they  are  needed  to  suit  conditions  fre- 
quently found.  In  my  mind,  therefore,  there  are  only  two  lengths  in 
this  list  which  could  be  considered  superfluous  in  general  practice, 
these  being  the  i8-foot  and  22-foot  lengths;  and  it  is  a  question  in 
my  mind  whether  we  should  take  the  time  to  quarrel  over  the  pro- 
priety of  leaving  them  out  of  the  table.  I  think,  however,  that  the 
majority  of  those  who  wish  something  rather  sharper  than  the  15-foot 
point  will  go  at  once  to  20  feet,  and  not  stop  at    18  feet. 

Mr.  Walter  Loring  Webb  (Consulting  Engineer)  : — Something  has 
been  said  about  the  fixed  ratio,  or  that  there  should  be  a  fixed  ratio, 
between  the  frog  angle  and  the  length  of  the  switch  rails.  There  is 
no  necessity  for  any  such  fixed  ratio.  I  think  some  of  the  speakers 
have  discussed  this  matter  as  though  what  was  wanted  was  that  you 
simply  select  three  frog  angles,  and  say  that  all  the  work  should  be 
done  with  three  frog  angles.  I  do  not  think  that  is  the  idea.  Keep 
all  the  frog  angles  that  you  have,  but  simply  select  three  standard 
lengths  for  the  point  rails.  When  I  was  getting  up  my  book  on  rail- 
road construction  ten  years  ago  I  adopted  the  same  method.  The 
methods  given  here  are  identical  with  what  I  used  in  my  book  over 
ten  years  ago.  I  got  up  my  tables  basing  the  lengths  of  the  switch 
points  and  the  frog  lengths  on  some  standards,  which  were  then 
given  out  by  some  switch  companies,  and  I  selected  three  lengths  of 
point  switches,  and  on  the  basis  of  these  three  lengths  and  with  the 
various  frog  angles  I  made  out  a  set  of  tables  which  were  almost 
identical  with  the  tables  given  here,  except  that  the  lengths  of  the 
frugs,  as  given  by  these  manufacturers,  were  slightly  ditferent  from  the 
lengths  adopted  by  this  Committee.  But  it  would  be  easily  practicable 
to  select  three  lengths  for  the  point  switches  and  combining  these  with 
the  lengths  as  they  need  to  be,  for  as  many  frog  angles  as  you  can 
use,  to  get  out  standard  dimensions  for  all  these  switches,  and  these 
will  make  switches  which  can  be  operated  very  easily,  and  j'et  at  the 
same  tin'-;  it  has  the  advantage  of  reducing  the  number  of  standards 
or   the   number   of   lengths    of   the    point   switch. 

Mr.  Wentworth  :^Will  Mr.  Wendt  please  make  his  motion  a  little 
more   precise. 

Mr.  Wendt : — It  was  not  my  intention  to  cut  down  the  number  of 
angles ;  I  mean  to  keep  them  all.  To  put  the  motion  more  clearly,  I 
would  say  that  the  Committee  be  requested  to  show  in  their  table  only 
three  lengths  of  switch  points  and   three   lengths  of  frogs. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  : — As  I  understand  the 
motion  it  is  to  have  three  lengths  of  switches  and  also  three  lengths 
for  all  frogs.  It  seems  to  me  the  question  of  having  three  lengths 
of  switches  is  somewhat  different  from  that  of  having  three  lengths 
of    frogs.     While    it    may    be    possible    for    any    road    to    limit    itself    to 
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three  lengths  for  switch  points,  yet  there  are  certain  physical  difficul- 
ties in  the  way  of  restricting  the  lengths  of  all  frogs  to  three.  I 
would,  therefore,  ofifer  an  amendment  to  the  motion  to  eliminate  the 
reference  to  the  length  of  frogs,  so  that  the  two  subjects  can  be 
considered    separately. 

Mr.  Wentworth : — I  did  not  mean  to  make  No.  2  frogs  20  feet 
long — I  meant  to  start  witli  a  No.  2  frog,  say  15  feet  long,  and  in- 
crease the  length  as  required  for  frogs  of  higher  number  in  order  to 
get   room   for   the   angle   bars. 

Mr.  W.  D.  Wheeler  (Minneapolis  &  St.  Louis)  : — On  our  system 
we  could  not  confine  ourselves  to  three  lengths  of  frogs.  We  have 
turnouts  on  which  a  15-foot  frog,  or  even  a  12-foot  frog,  would  carry 
a  car  through  the  frog;  there  would  be  too  much  tangent  through  the 
frog.  We  have  33  and  3S-degree  cuTvcs,  and  our  road  could  not  con- 
fine  itself  to   three  lengths  of  frogs. 

Mr.  Churchill : — I  do  not  like  the  argument  to  stand  on  the  plea 
that  one  cannot  do  a  thing.  Some  of  us  say  that  every  day,  on  30- 
degree  curves,  25-degree  curves  and  lo-degree  curves,  we  are  using 
frogs  15  feet  long — the  adjustment  lies  in  the  curving  of  the  frog 
rails  a  short  distance   from   the  point. 

Mr.  Roberts : — When  it  comes  to  increasing  our  stock,  we  would 
have  to  keep  twice  as  many  frogs  on  hand  if  the  last  speaker's  sug- 
gestions were  adopted.  Rights  and  lefts  would  then  be  necessary. 
The  wing  rails  would  either  have  to  be  curved  by  the  manufacturer 
or  by  the  track  foreman  in  the  field ;  and  with  due  respect  to  the 
track  foreman,  for  I  am  the  foreman's  friend,  there  are  not  many 
foremen   who   can   curve   a   frog  correctly,   if   they   attempt   it   at   all. 

(Mr.  L.  C.  Fritch  (Illinois  Central)  : — This  discussion  only  shows 
how  impracticable  it  would  be  to  select  any  number  of  switch  rails 
and  frogs  that  would  be  acceptable  to  all  roads.  Personally,  I  think 
the  table  of  the  Committee  should  stand,  and  let  each  road  adopt  as 
its   standard   the   number  of   switch   lengths   and   frog  lengths   it   desires. 

Mr.  E.  H.  Lee  (Chicago  &  Western  Indiana)  : — As  the  last 
speaker  has  said,  the  course  of  the  discussion  very  clearly  shows  that 
there  can  be  no  agreement  on  the  question.  The  Association  could 
as  well  try  to  get  up  a  bill  of  specifications  as  to  what  kind  of  a  wife 
a  man  should  marry.  Now,  I  will  gaml)le  tliat  there  are  a  certain 
number  of  men  in  this  room  who  would  swear  by  a  red-headed 
woman,   and   there   may   be   some   who   would    like   an   Indian. 

The  Vice-President: — That  is  hardly  the  qu'estion — we  had  better 
confine  ourselves  to   frogs  and   switches. 

Mr.  E. -H.  Lee: — If  you  will  pardon  me,  I  tliink  an  illustration 
is  always  germane  to  an  argument  or  discussion.  The  statement  of 
the  gentleman  that  the  table  should  stand,  and  that  the  selection  should 
be  left  to  each  company,  limiting  it  to  two  or  three  lengths,  is  per- 
fectly proper  and  is  a  reasonable  statement  of  the  Committee's  inten- 
tion.    I    take    the    liberty    of   making    this    statement    because    I    am    not 
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on  the  Committee  and,  therefore,  cannot  be  suspected  of  having  an 
animus. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Eric)  : — In  order  to  bring 
this  discussion  to  a  conclusion  I  move  an  amendment  to  the  motion, 
that  conclusion  2  be  made  to  read  as  follows :  "That  the  properties 
of  the  frogs  and  switch  rails  given  in  accompanying  tables  be  approved 
as  good  information ;"  and  that  the  following  also  be  added :  "That 
the  number  of  switch  points  and  frogs  used  in  general  practice  be 
reduced   to   as   small   a   number   as   possible." 

Mr.   Wentworth : — I   accept  that. 

(The  question  on  the  above  amendment  was  put  to  vote  and  lost 
by  a  vote  of  j,"/  in   favor  to  38  opposed.) 

The  Vice-President: — The  motion  now  before  the  house  is  to  in- 
struct the  Committee  to  have  in  their  tables  only  three  lengths  of 
frogs   and   onh'   three   lengths   of   switch   points. 

(Motion    lost.) 

Mr.  \V.  H.  Elliott  (New  York  Central)  : — I  move  the  adoption  of 
conclusion   2. 

Mr.  M'.  L.  Byers  (^Missouri  Pacific)  : — Before  that  motion  is  put 
to  a  vote,  I  will  ask  if  the  Committee  has  considered  the  tie  spacing 
in  arriving  at  the  lengths  of  frogs  given  in  the  table?  It  seems  to 
me  that  the  lengths  given  are  such  that  some  of  the  frogs  would 
have  the  joints  suspended,  some  of  them  would  have  them  supported, 
or  else  the  joints  must  be  suspended  in  some  cases  and  supported  in 
others. 

■Mr.  Rose : — The  Committee  considered  the  lengths  of  angle  bars 
principally   in   figuring  out   the   frogs. 

(Motion    carried.) 

The  Secretary: — "(3)  That  degree  of  curve  be  defined  as  the 
angle  subtended  hy  a    100  ft.  chord. 

"(4)  That  all  curves  be  spiraled  which  would  require  2  in.  eleva- 
tion   for   the    highest   possible   speed." 

Mr.  E.  R.  Lewis  (Michigan  Central)  : — It  occurs  to  me  that  the 
phrase  "highest  possible  speed"  used  in  conclusion  4,  being  a  superla- 
tive, would  be  hard  to  define  in  practice.  I  ask  if  the  Committee 
wou'ld    consider    "maximum"    instead    of    "highest    possible?" 

Mr.  Jenkins: — The  objection  to  using  the  term  "maximum  speed" 
is  that  it  might  be  taken  to  refer  to  the  maximum  schedule  speed — 
for  instance,  a  two-degree  curve  might  be  operated  at  a  maximum 
speed  of  only  30  miles  per  hour,  but  it  is  not  the  intention  to  spiral 
only  such  curves  as  would  have  two  inches  elevation  for  that  speed. 
Taken  in  connection  with  the  recommended  changes  in  the  Manual 
and  the  discussion  preceding,  you  will  see  that  the  object  is  to  spiral 
curves  which  may  actually  have  a  much  smaller  elevation  than  two 
inches  for  the  maximum  schedule  speed,  but  which  would  have  an 
elevation  of  two  inches  for  the  highest  speed  that  the  line  at  that 
point  is  good  for. 
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Mr.  A.  L.  Kuehn : — It  seems  to  me  that  is  not  a  very  good  word- 
ing. We  do  not  i<no\v  what  the  highest  possible  speed  is.  You  may 
increase  the  size  of  locomotives,  and  the  highest  possible  speed  may 
change.  I  want  to  ask  the  Committee  how  the  two  inches  elevation 
was  arrived  at. 

Mr.  Jenkins : — The  Committee  will  accept  a  change  in  the  wording, 
making  use   of   the    word   "permissible"    instead   of    "possible." 

The  way  the  two  inches  was  arrived  at  was  in  connection  with  the 
proposition  to  spiral  the  curve,  not  so  much  for  schedule  speed  as  for 
the  degree  of  curve  itself,  that  is  to  say,  a  4-degrec  curve  with  eight 
inches  elevation  is  good  ior  a  certain  speed  if  the  proper  length  of 
spiral  is  used.  Now,  if  you  put  a  shorter  spiral  on  thai  curve,  that 
shorter  spiral  will  limit  tlie  speed  to  something  lower  than  the  limit  set 
by  the  degree  of  curve  itself;  and  if  we  make  spirals  part  of  the  per- 
manent aliiiement,  which  seems  to  be  the  practice  of  the  majority  of 
the  roads  then  by  putting  in  a  shorter  spiral,  you  would  put  a  perma- 
nent restriction  on  the  speed  for  that  part  of  the  line  which  is  not 
called  for  by  the  maximum  degree  of  curve.  The  two-inch  elevation 
is  arrived  at  in  connection  with  the  rate  of  runoff.  With  the  rate  of 
runoff  proposed,  the  two  inches  elevation  would  give,  for  speeds  of  over 
45  miles  an  hour,  a  uniform  offset  lietwecu  the  tangent  and  beginning 
of  the  circular  curve  of  one-half  an  inch.  The  ordinate  of  the  spiral 
at  the  middle  point  would  be  only  a  quarter  of  an  inch,  and  at  the 
end  of  the  spiral  would  be  two  inches;  in  other  words,  the  engine  will 
travel  over  considerably  more  than  half  the  spiral  before  the  fl;|nge.s 
of  the  wheel  will  strike  the  rail,  and  a  spiral  mucli  shorter  than  that 
proposed  would  be,  you  might  say,  an  imaginary  spiral  and  not  one 
that  would  have  any  direct  influence  on  the  ruling  qualities  of  the 
track. 

Mr.  A.  L.  Kuthn : — This  conclusion  involves  a  question  of  length 
of  spiral — necessarily  limits  in  a  way  the  length  of  spiral.  The  thing 
which  determines  whether  the  spiral  shall  be  used  is  the  amount  of 
oft'set.  This  varies  with  the  length  of  the  spiral.  If  that  offset  in  a 
high-speed  track  is  in  the  neighborhood  of  an  inch,  the  curve  should 
be  spiraled.  If  it  is  not  spiraled,  the  track  will  be  a  half-inch  out  of 
line,  which  at  very  high  speeds  is  too  much.  It  seems  to  me  before 
adopting  this  conclusion  we  should  determine  on  the  propei;  length  of 
spiral    for    different    curves    and    different    speeds. 

Mr.  Wheeler : — We  have  been  spiraling  curves  of  one  degree.  I 
do  not  think  that  is  good  practice.  A  two-degre^  curve  should  be 
spiraled  and  from  that  up.  We  are  using  a  spiral  of  a  three-degree 
curve,  60  miles,  and  use  five  inches  elevation.  The  elevation  is  run 
at  one-half  inch  to  a  30-foot  rail,  making  a  spiral  of  304  feet.  On 
ballast  work,  on  old  line,  with  a  cu't  on  each  end,  and  high  fills  in 
the  center,  I  shorten  the  radius  to  three  degrees  and  four  minutes, 
putting  half  the  offset  on  the  outside  of  the  center  of  the  curve  and 
one-fourth   the    offset   at    original    curve    points    at    ends   of   curves.     On 


TRACK.  463 

ballast  work,  I  maintain  true  grade  at  center  of  the  track,  and  lower 
the  inside  rail  2^.  inches,  and  give  the  outside  rail  a  rise  of  2V2  inches. 
That,  in  my  opinion,  is  as  near  taking  care  of  the  centrifugal  force 
as  you  can  get  it.  It  was  figured  to  60  miles  an  hour.  In  riding  in 
the  engine  you  cannot  tell  the  difference  in  the  engine  taking  the 
curve  from  tangent  track,  showing  positively  that  it  is  near  a  true 
line  of  centrifugal   force,  as   near  as  you  can  get  it. 

Mr.  Ewing: — I  move  the  adoption  of  the  Committee's  conclusion 
4,    with    the    change    of  the   word    "possible"   to    "permissible." 

Mr.  L.  C.  Fritch:— The  spiral  should  not  be  specified.  It  is  im- 
practicable to  specify  any  uniformity  as  to  the  application  of  the  spiral, 
because  the  location  of  the  curve  governs  largely.  A  curve  at  the 
foot  of  the  grade  will  require  a  spiral  of  different  character  from  one 
at  the  top  of  the  .grade.  Therefore,  I  think  it  would  be  impracticable 
to   specify   any   uniformity  in   regard   to   the   use    of   the    spiral. 

Mr.  Wheeler: — In  42  miles  of  the  road  we  constructed  there  are 
no  two  spirals  alike.  We  have  one  at  the  foot  of  descending  grades 
where  we  run  56  miles  an  hour  with  freight  trains,  and  there  is  one 
at  a  summit  where  we  never  run  faster  than  45  miles.  The  engineer 
in   the   field   should   be   governed   by   the   conditions   as    he    finds    them. 

(Mr.  A.  L.  Kuehn  : — There  is  a  desirable  length  of  spiral,  however, 
and  that  should  be  attained  as  nearly  as  possible. 

(Mr.   Ewing's    motion   carried.') 

The  Secretary — "(5)  That  wide  gage,  due  to  worn  rad,  within 
the  safe  limits  of  wear,  need  not  be  corr.ected  until  the  excess  over 
the  gage  is  equal  to  or  exceeds  one-half  {V2)  in.,  and  that  it  should 
then  be  corrected  by  closing  in. 

''(6)  That  paragraph  (3),  page  64,  of  the  Manual  under  the 
heading  of  Maintenance  of  Line  and  Alinement,  be  withdrawn  and  the 
following   version    substituted : 

"iMaintenance  of  Line  and  Aline.ment — Recommended  Pr.vctice. — 
(b)     Adjustment  of  Curves  with  consideration  as  to  Easement  Curves: 

"Easement  curves  should  be  used  on  all  curves  requiring  an  eleva- 
tion  of  two   inches   or  more. 

"The  choice  of  easement  curves  should  be  governed  by  the  ulti- 
mate possibilities  as  to  speed,  with  consideration  as  to  probable  re- 
vision of  the  worst  features  of  alinement,  rather  than  by  existing 
schedule    speed. 

"On  curves  of  6°  and  over  which  are  limiting  curves  as  to  speed, 
easement   curves   not   less   than   240   feet    long  should   be    used. 

"On  curves  of  less  than  6°  which  are  limiting  curves  as  to  speed, 
easement  curves  should  be  used  whose  length  in  feet  is  not  less 
than  5%  times  the  speed  in  miles  per  hour  calculated  for  an  elevation 
of   8   inches. 

"On  curves  which  are  not  limiting  curves  as  to  speed,  easement 
curves  should  be  used  whose  length  in  feet,  when  the  rail  is  elevated 
for  the   ultimate   speed,  will  be  not  less  than   thirty  times   the  elevation 


464  TRACK 

in    inches    nor    less    than    two-thirds    the    uUimate    speed    in    miles    per 
hour  times  the   elevation  in  inches. 

"Longer  easement  curves  than  the  minimum  lengths  recommended 
may  be  used  to  advantage  and  often  with  increased  convenience  in  their 
application,  but  any  considerable  increase  in  length  is  wholly  unneces- 
sary and  should  never  be  made  without  careful  consideration  as  to  the 
effect.  The  minimum  length  should  be  used  in  all  cases  where  a 
greater   length  would  adversely   affect   the   degree    of   curve. 

"Easement  curves  should  be  used  between  curves  of  different  de- 
gree in  the  same  way  that  they  are  used  between   curves   and   tangents. 

"The  curve  elevation  should  l)e  nni  out  in  the  same  distance  as  the 
length  of  casement  curve,  with  no  elevation  on  tangent  and  full  eleva- 
tion on  the  circular   curve. 

"Any  form  of  easement  curve  is  satisfactory  in  which  the  degree 
of  curve  increases  with  the  distance ;  in  which  the  rate  of  increase 
in  degree  of  cutve  can  readily  be  changed  to  suit  each  particular  case, 
so  that  the  length  of  easement  curve  shall  be  the  same  as  the  distance 
in  which  the  outer  rail  is  raised  from  zero  to  full  elevation ;  which 
can  be  run  in  by  deflection  or  offset,  with  chords  of  any  desired 
length,  and  which  is  of  the  general  type  of  Searles,  Crandall,  Holbrook, 
Talbot  or   cubic   parabola." 

Mr.  Rose : — I  move  the  adoption  of  conclusion  6,  which  carries 
with  it  the  adoption  of  the   matter  just   read   by   the    Secretary. 

(Motion    carried.) 

Mr.  Rose : — I  move  the  adoption  of  the  following  resolution,  which 
appears  on  page  446:  "Resolved,  That  the  clear  width  of  standard 
flange  way  for  all  frogs  and  between  main  rails  and  guard  rails  be  1^4 
inches,   measured   at  the   gage   line,   for   all   tracks  of  standard   gage." 

Mr.  L.  C.  Fritch : — I  want  to  ask  the  Committee  v/hether  they 
have  had  a  conference  with  the  M.  C.  B.  committee  on  this  subject, 
and  whether  the  question  was  up  for  increasing  the  thickness  of  the 
wheel    flanges. 

Mr.  Rose: — Our  sub-committee  held  a  meeting  with  the  M.  C.  B. 
wheel  committee,  and  there  has  been  no  change  in  the  thickness  of 
the  flanges  of  the  wheels  over  a  year  or  two  ago,  but  there  was  a 
change  made  in  their  standard  gage,  and  they  have  corrected  their  in- 
spection gage  and  mounting  gage  to  take  care  of  the  discrepancies 
which  were  there.  The  word  "mounting"  on  their  standard  has  been 
changed  to  "inspection,"  and  vice  versa,  and  that  makes  a  difference 
of  one-eighth  of  an  inch  in  the  throatway  of  the  wheels.  In  the 
standard  inspection  gage  the  distance  from  back  to  back  of  wheels 
at  the  gage  point  is  five-eighths  of  an  inch  below  a  line  drawn  between 
the  tops  of  the  rails,  which  distance  is  4  feet  5  3/32  of  an  inch.  That 
is  a  minimum,  and  that  leaves  a  clearance  of  seven-sixty-fourths  of 
an  inch   on  each   side  of  the   flange   at   the   guard   rail  of  the    throat. 

iMr.  L.  C.  Fritch: — The  reason  I  bring  this  up  is  there  has  been 
a  good   deal   of  discussion   on   the   question   of   increasing  the   thickness 


TRACK.  465 

of  wheel  flanges,  and  one  of  the  points  brought  up  by  the  M.  C.  B. 
Association  was  that  it  would  be  difficult  to  get  the  Maintenance  of 
Way  Association  to  increase  the  flangeway.  We  all  know  that  an  in- 
crease of  one-eighth  inch  in  thickness  of  the  flange  will  reduce  broken 
flanges.  I  think,  therefore,  before  we  adopt  this  resolution  we  should 
be  sure  that  question  has  been  threshed'  out,  because  if  we  do  not,  and 
establish  this  standard,  some  flangeways  now  ij/s,  might  be  changed, 
and  wouid  have  to  be  changed  back  again. 

Mr.  Camp: — The  American  Railway  Association  has  recently 
passed  upon  this  question  of  the  standard  width  of  flangeway,  and  I 
think  they  took  into  consideration  the  increased  width  of  .wheel  flanges. 

Mr.  Rose : — The  question  of  the  thickness  of  the  flange  is  a 
pretty  serious  one.  You  cannot  make  it  any  thicker  without  striking 
the  point  of  the  frog.  The  M.  C.  B.  Association  recommends  that  you 
should  have  i%-inch  flangeway,  but  with  a  i.^-inch  guard  rail  dis- 
tance you  cannot  guard  the  frog  point.  They  have  not  only  drawn 
the  flange  high,  but  made  it  thicker,  and  the  only  way  we  can  help 
them   is   to   maintain   the    i^^-inch    flangeway   at   the   guard    rail. 

Mr.  L.  C.  Fritch : — I  cannot  see  how  the  frog  point  will  be 
changed  by  an  increase  in  the  width  of  the  flange  of  the  wheel  if  the 
thickness  is  added  to  the  back  of  the  wheel. 

Mr.  A.  L.  Kuehn: — The  Big  Four  for  thr.?e  years  used  ij-g-inch 
flangeway,  and  has  not  had  any  trouble  with  wheels  striking  the  frog 
points.  The  cast-iron  wheel  flanges  to-day  are  not  strong  enough, 
and  we  must  make  provision  for  either  strengthening  these  flanges  or 
put  ourselves  in  the  way  of  forcing  a  change  in  wheel  con- 
struction, that  is,  forcing  a  change  from  cast-iron  wheel  to  a  steel- 
tired  wheel,  which  will  mean  at  least  three  or  four  times  the  cost 
on  wheels.  It  is  practicable  to  use  a  i%-inch  flangeway;  I  know  that 
from  personal  experience.  It  appears  there  was  a  mistake  made  by  the 
M.  C.  B.  Association  in  the  drawings  of  their  gages.  These  gages 
have  been  used  for  some  years.  Wheels  have  been  made  to  fit  these 
gages,  and  wheels  which  are  so  made  are  so  narrow  inside  that  they 
will  just  pass  the  i^-inch  flangeway.  A  new  guard  rail  in  which  the 
gage  is  >^-inch  wide,  which  will  occur  at  least  five  times  out  of  ten, 
will  require  forcing  the  guard  rail  on  the  frog,  as  well  as  the 
guard   rail   on   the    main    rail. 

Mr.  L.  R.  Clausen  (Chicago,  Milwaukee  &  St.  Paul)  :— I  am 
under  the  impression  that  an  investigation  either  by  the  M.  C.  B. 
Association  or  the  American  Railway  Association  determined  that  the 
breaking  of  the  flanges  was  due  to  the  starting  of  miniature  cracks 
in  chilled  surface  of  the  wheel,  probably  due  to  breaking.  I  think 
it  would  not  be  advisable  to  establish  a  flangeway  as  standard  at  the 
present  time  until  that  question  has  been  gone  into  thoroughly  to 
determine  whether  it  is  necessary  to  increase  the   flange. 

Mr.  A.  W.  Thompson : — The  point  Mr.  Fritch  brought  out  is 
being  discussed  in  the  M.  C.   B.  Association  at  this  time.     The  mistake 
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Mr.  Kuchn  refers  to  is  this :  1  understood  in  making  their  gages  some 
years  ago  they  decided  on  a  standard  gage.  None  of  the  railroads 
followed  the  gage  accurately.  They  changed  the  gages  and  got  addi- 
tional wear  out  of  the  flange,  and  the  question  is  now  up  before  the 
M.  C.  B.  Association  to  increase  the  thickness  of  the  flange  onc-ciglith 
of  an   inch,   the   metal   to   be  placed  on  the   back  of  the   flange. 

Mr.  Ewing: — The  Committee  has  illustrated  this  matter  correctly 
and  stated  the  facts.  As  I  understand  it  the  M.  C.  B.  Association 
(lid  within  the  past  year  increase  slightly  the  thickness  of  the  flange. 
They  concluded  that  greater  strength  was  needed  at  a  point  slightly 
above  the  tread  of  the  wheel.  They  have  taken  into  consideration  a 
ij^-inch  throat  and  reinforced  their  flangeway  to  meet  that  condition. 
I  also  believe  that  the  American  Railway  Association,  at  its  last  meet- 
ing,   definitely    decided    that    i^-inch    was    the    proper    flangeway. 

Mr.  Churchill: — I  think  there  is  still  some  discus.^ion  to  lie  had 
on  tliis  {|uestion,  and  that  this  matter  should  be  held  over  another 
year,  or  else  the  flangeway  of  guard  rails  should  be  increased.  I 
wisli    to    amend    the    resolution    of    the    Committee    to    this    effect: 

"'I'liat  the  clear  width  of  standard  flangeway  used  for  all  frogs 
be    1^4    inches,    and   between    rails   and    guard    rails    be    i%    inches." 

The  argimient  for  this  is  given  by  the  gentleman  who  spoke  a  few 
minutes  ago,  that  i%  inches  is  in  use.  When  i^  inches  only  is  used 
there  is  a  great  strain  on  the  flanges  of  wheels.  The  drawings  as  pre- 
sented show,  I  believe,  only  thrce-thirty-seconds  of  an  inch  clearance 
between  a  correctly  set  guard  rail  and  a  minimum  set  wheel  flange. 
That  is  entirely  too  close  working.  Further,  the  plan  in  the  Commit- 
tee's report  according  to  some  data  I  sent  to  the  Committee,  in  a 
personal  discussion,  does  not  show  correctly  the  facts,  there  is  not  the 
interference  as  pictured  thereon  between  the  fillet  of  the  wheel  and 
the  point   of  the   frog,   or   stock   rail. 

Mr.  L.  C.  Fritch : — In  seconding  Mr.  Churchill's  motion,  T  would 
say  that  there  is  too  much  uncertainty  about  the  question  for  us  to 
hastily  decide  on  i^-inch  flangeway.  I  am  not  so  sure  but  that  the 
American  Railway  Assocation  have  nnl  decided  that  (|nestioii  definitely. 
If  my  memory  serves  me,  a  circular  was  sent  out  by  the  American 
Railway  Association  last  year  recommending  an  increase  of  ■jne-eighth 
inch  in  the  thickness  of  wheel  flanges.  I  am  quite  sure  they  have  not 
decided  on  i>^-inch  as  the  standard  flangeway.  I  think  Mr.  Chtirchill's 
amendment  is  proper.  The  track  has  a  tendency  to  get  out  of  gage. 
As    the    gage    widens    there    is   more    necessity    for    more    flangeway. 

Mr.  Rose : — The  widening  of  the  gage  is  intended  to  be  taken  care 
of  in  the  resolution.  It  is  i^^-iuch  for  standard  gage  of  4  feet  8V2 
inches.  The  Committee  would  not  feel  so  badlv  about  iMr.  Churchill's 
motion  if  he  would  turn  it  around  and  make  the  width  of  the  flange- 
way at  the  guard  rail  i-)4,  and  on   the  frog  i^^   inches. 

Mr.  Camp: — I  can  tell  you  certainly  that  the  American  Railway 
Asso(,i.:ilion  did  express  itself  in   favor  of   a   i>4-inch  flangeway   within 
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the  past  year.  If  we  adopt  this  i^-inch  tlangeway,  it  does  not  change 
present    practice.     That    width    has    been    standard    since    1886. 

Mr.  Wentworth :- — The  reason  for  holding  to  the  i^-inch  flange- 
way  through  the  frog  is  in  order  to  lessen  the  jump  which  the  wheel 
has  to  make  over  the  other  flangeway  going  through  the  same  frog. 
These  frog  flangeways  should  be  kept  1%  inches,  if  we  can  do  so;  I 
think  for  a  while  we  can.  Perhaps  later  we  cannot,  but  I  am  sure 
that  a  i^g-inch  tlangeway  at  the  guard  rail  is  in  line  with  what  we  will 
have    to    do   pretty    soon. 

Mr.  W.  C.  Gushing: — After  thorough  investigation  the  American 
Railway  Association  adopted  i^-inch  flangeway,  as  Mr.  Camp  stated, 
but  on  their  attention  being  called  to  it,  they  were  not  satisfied  with 
the  language  in  which  it  was  expressed,  and  they  have  asked  this  As- 
sociation to  formulate  a  recommendation  in  better  language,  which 
communication  was  turned  over  to  the  chairman  of  this  Committee, 
and  he  had  that  before  him  in  making  this  recommendation,  if  I  am 
not   mistaken. 

(Mr.  Churchill's  motion  was  lost;  the  motion  to  adopt  the  resolu- 
tion carried.) 

The  Secretary :- — "Wide  gage,  due  to  worn  rail,  within  the  safe 
limits  of  wear,  need  not  be  corrected  until  the  excess  over  the  gage 
is  equal  to  or  exceeds  one-half  (V^)  in.,  and  should  then  be  corrected 
by   closing   in. 

'"Your  Committee  recommends  that  the  following  paragraph 
be  substituted  for  the  one  now  appearing  on  page  64  of  the 
Manual  of  1907  (the  change  consisting  of  the  substitution  of  one-half 
(!/>)    in.   for   "three-eighths    (^g)    in.)  :" 

"That  within  proper  limits  a  slight  variation  of  the  gage  from 
standard  is  not  seriously  objectionable,  providing  the  variation  is  uni- 
form and  constant  over  long  distances.  Under  ordinary  conditions  it 
is  not  necessary  to  regage  track]  if  the  increase  in  gage  has  not 
amounted  to  more  than  one-half  (J^S)  in.,  provided  such  increase  is 
uniform." 

(On  motion  the  recommendation  was  adopted.) 

Mr.  Rose: — The  Committee  calls  attention  to  the  specifications  for 
frogs  and  switches  given  on  pages  455-458  of  Bulletin  108.  The  object 
of  presenting  these  specifications  was  to  get  criticisms,  and  it  is  the 
intention  of  the  Committee  next  year  to  submit  specifications  for 
adoption.  The  Committee  has  taken  a  lot  of  the  y\ssociation's  time, 
and  we  would  ask  that  these  specifications  be  accepted  as  a  progress 
report. 

Mr,  Gatlin:— I  suggest  in  the  first  paragraph,  where  il  provides 
that  the  company  shall  be  notified  of  any  omissions  in  the  drawings 
or  specifications,  that  the  following  be  added  at  the  end  of  the  sen- 
tence:    "Before   proceeding  further  with   the  construction   of   the    work." 

The    Vice-President:— The    Committee     will     give     consideration     to 
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that  suggestion  in  their  revision  of  the  specifications  for  final   approval. 

(Motion    carried.) 

Mr.  W.  C.  Gushing: — I  ask  the  Committee  if  they  have  anything 
to  say  in  reference  to  their  recommendations  on  page  446  under  "(b) 
Report  on  facing  point  switches  for  high  speeds  v^rith  a  continuous 
main  line  rail."  The  Committee  says  it  reaffirms  its  report  of  last 
year. 

Mr.  Rose : — That  is  the  Committee's  report.  The  Committee  was 
asked  to  reconsider  its  report  on  switches  for  continuous  main  line 
rail,    and    this    is    the    report    it    submits. 

Mr.  W.  C.   Cushing: — Is  it  not   proper   lo   ask  for   some  action? 

iMr.  Rose: — The  Committee  would  like  to  have  its  report  adopted. 
There  were  no  conclusions  that  followed  this  sul)jcct.  There  is  no 
intention  to  place  this  portion  of  it  in  tlic  Manual,  and  I  would  move 
that  the   Committee  be    discharged  on   this  question. 

Mr.  W.  C.  Cushing: — I  judge  the  Association  must  have  had  some 
reason  for  asking  the  Committee  to  reconsider  it.  It  seems  strange  to 
drop  it   right  there   and  do  nothing  more   in   regard   to   it. 

Mr.  Rose: — The  Committee  did  study  the  matter  and  reaffirm  its 
report   of  last   year. 

Mr.  McDonald : — I  suggest  that  the  reference  to  the  report  of  the 
Committee  of   last  year  would  be   in   order. 

Mr.  L.  C.  Fritch : — I  have  last  year's  report,  page  388,  in  refer- 
ence to  the  relative  merits  of  split  switches,  etc.  The  matter  is  as 
follows : 

"In  reference  to  the  relative  merits  of  split  switches  and  switches 
which  provide  continuous  main  track  rails,  a  few  replies  were  received 
to  questions  asked  upon  this  subject  in  the  circular.  These  answers 
confirm    the    opinion    of   your    Committee. 

"A  practical  switch  fulfilling  the  requirements  of  continuous  main 
track  rails  has  been  in  use  for  a  number  of  years.  This  form  of 
switch  is  going  out  of  use ;  its  first  cost  is  about  three  times  the  cost 
of  the  split  switch,  and  it  has  not  proved  to  have  afforded  any  greater 
safety.  On  account  of  the  necessary  elevation  of  the  switch  above  the 
main  track  rails,  there  is  liability  of  damage  to  equipment.  The  speed 
of  trains  must  be  the  minimum  when  using  turnouts  equipped  with 
lifting  switches.  On  account  of  its  not  being  suitable  for  all  points 
a  double  standard  is  required.  Trains  are  frequently  parted  when 
using  these  switches  on  account  of  the  heavy  grade  upon  the  switch 
rails.  It  is  practically  impossible  to  keep  the  wing  rail  on  spring 
frogs    in    proper    position    with    continuous    main    track    at    the    switch." 

The  Vice-President : — It  was  not  accepted  by  the  convention  last 
year.     We   are   hardly   in    position    this   year   to   vote    on    it. 

Mr.  W.  C.  Cushing : — I  move  that  the  report  be  accepted  and  the 
subject  dropped. 

(Motion    carried.) 
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Mr.  Roberts : — In  regard  to  completing  the  table  of  switch  leads, 
I  ask  how  we  shall  do  it.  In  figuring  in  accordance  with  any  exact 
formulas  you  obtain  leads  which  will  give  such  iengths  of  rail  between 
the  toe  of  the  frog  and  the  heel  of  the  switch  rail  that  it  will  be  neces- 
sary to  cut  tlie  rail  and  make  scrap.  By  modifying  the  theoretical 
lead  very  slightly,  that  is,  by  making  it  a  fraction  shorter  or  a  frac- 
tion longer  than  the  absolutely  correct  theoretical  lead,  you  obtain  a 
lead  which  differs  in  curvature  and  length  only  slightly  from  the 
theoretical  one,  and  in  whicli  you  can  use  commercial  lengths  of  rail  or 
both  pieces  if  you  cut  the  rail.  The  opinions  advanced  to  us  in 
regard  to  such  leads  are  varying.  Some  insist  that  we  shall  stick  ab- 
solutely to  the  theoretical  lead,  and  others  say  we  should  adopt  the 
practical  or  modified  lead.  Before  computing  a  table  and  completing 
it,  the  Committee  would  like  to  know  what  is  the  wish  of  the  Asso- 
ciation. Shall  we  use  the  absolutely  correct  theoretical  lead  or  shall 
we    use    the    practical   lead? 

iMr.  Ewing : — In  order  to  get  the  matter  before  the  convention,  and 
as  information  for  the  Committee,  I  move  the  Committee  prepare  a 
table    of   practical    leads    conforming    closely    to    the    theoretical. 

(Motion  carried.) 

Mr.  Wendt : — Before  we  pass  on  this  report  finally,  will  the  Com- 
mittee kindly  indicate  what  should  be  included  in  the  Manual  under 
the  head  of  conclusion   i,   page  447. 

Mr.   Rose: — The   tables   on   pages   451,   452,   453    and   454. 

The  Vice-President : — This  concludes  the  business  of  the  Com- 
mittee and  it  can  consider  itself  excused  with  the  thanks  of  the 
Association. 

Mr.  S.  S.  Roberts  (University  of  Illinois — by  letter)  : — The  form- 
ulas for  determining  switch  leads,  as  given  in  Bulletin  108  in  the 
report  of  the  Track  Committee,  are  believed  by  the  writer  to  be 
as  simple  in  form  as  it  is  possible  to  reduce  exact  formulas  for  the 
functions   of  a   turnout   where  the   split   switch    is   used. 

Substituting  in  the  formulas  mentioned  the  properties  of  the  stand- 
ard switch  rails  and  stiff  frogs  of  one  of  the  principal  railroads  of  the 
South ;  neglecting  the  actual  thickness  of  the  point  of  the  switch  rail 
and  working  to  the  theoretical  point  of  frog,  the  following  table  of 
switch  leads  and  lead  curves  is  obtained. 

Under  the  assumptions  made,  to  construct  a  turnout  in  accordance 
with  the  length  of  lead  given  in  table  No.  i,  will  give  a  theoretically 
correct  turnout. 

However,  whether  or  not  the  length  of  the  curved  lead  rail  is  calcu- 
lated and  adhered  to,  it  will  be  necessary  to  cut  rails  and  to  make  scrap 
rail   whenever   a   turnout   is    so   constructed. 

The  labor  lost  in  cutting  the  rail,  handling  and  shipping  scrap,  as 
well  as  the  loss  due  to  the  difference  between  the  cost  of  the  new  rail 
and  its  scrap  value,  caused  the  particular   road  the  writer  has   in  mind 
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to  adopt  for  its  standard  turnouts  a  slight  modification  of  the  purely 
theoretical   leads   given   in   table   No.    i. 

These  modified  leads  may  be  termed  practical  leads,  and  they  are 
slightly  longer  or  shorter  than  the  theoretical  leads.  They  are  so 
chosen  that  the  rails  between  the  frog  and  the  switch  rail,  for  both  the 
straight  and  curved  rails,  are  either  of  commercial  lengths  or  such  frac- 
tion thereof  that,  where  cutting  is  necessary,  both  pieces  of  the  rail  may 
be  used,  obtaining  at  once  both  a  minimum  of  cutting  and  of  scrap. 

The  difference  in  length  of  the  theoretica'  and  practical  leads  and 
the  difference  in  the  degree  of  the  lead  curves  is  small,  as  shown  by 
table  No.  2. 

By  using  the  same  length  of  rails  in  the  straight  and  curved  lead 
rails,  as  outlined  in  table  No.  2,  it  is  not  always  possible  to  maintain  the 
condition  thdt  the  points  of  the  switch   rails  sha'l  be  directly  opposite. 

This  seems  to  be  the  chief  criticism  of  the  practical  leads. 

Opposed  to  this  criticism  it  is  held : 

(a)  As  the  number  of  the  frog  increases,  the  amount  the  points 
of   the   switch   rails  lack  of  being  directly   opposite   decreases. 

(b)  The  error  may  be  decreased,  if  not  overcome,  by  laying  the 
straight  portion  of  the  lead  with  tight  joints  and  the  curved  portion  with 
open  joints. 

(c)  The  slight  difference  in  'ocation  of  the  points  of  the  switch 
rails  makes  no  appreciable  error  in  the  adjustments  and  throw  of  the 
points. 

(d)  As  only  one  side  of  the  lead  is  in  service  at  one  time,  and  as 
the  switch  rods  and  rails  do  not  form  a  figure  of  stability,  the  practical 
leads  are  as  safe  as   the  theoretical  leads. 

For  six  years  the  writer  was  employed  by  the  Southern  road,  first 
mentioned,  that  used  practical  leads  about  as  given  in  table  No.  2.  Dur- 
ing that  time  he  was  engaged  in  the  construction  of  yards  and  terminals, 
and  in  the  maintenance  of  way  department  as  division  engineer,  and 
roadmaster,  where  he  had  opportunity  of  closely  observing  the  perform- 
ance of  the  switches.  From  his  observation  of  the  practical  leads  in 
service,  he  believes  them  equally  as  easy  riding  and  of  as  finished 
appearance  as  the  theoretical  lead  and  more  economical  both  to  construct 
and  to  maintain. 

If  it  may  be  assumed  that  the  practical  lead  is  good  practice,  then 
it  would  appear  useless  to  laboriously  figure  through  the  exact  formulas 
submitted  by  the  Track  Committee  in  order  to  determine  the  length  of 
the  lead  and  the  degree  of  the  lead  curve.  For,  by  giving  the  switch  rail 
a  number,  as  we  do  the  frog,  we  obtain  :  The  number  of  the  switch  rail 
equals 

Length  switch  rail  in  feet 

N'  = X  12, 

Heel  distance  in  inches 
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and  from  a  simple  figure  and  by  an  equally  simple  proof  we  obtain   the 
following  approximate  formula  for  the  length  of  the  switch  lead : 
.N'  (4.7  N  —  W)  —  SN  _ 

L=(S  +  W)+2   I I    (I) 

L  N  +  N'  -' 

A  comparison  of  the  results  obtained  by  the  approximate  and  exact 
formulas   is  shown   in   table   No.   3   fol'owing: 

TABLE  No.  3. 
Comparison  of  Switch  Leads,  as  Given  by  the  Exact  and  Approximate  Formulas. 


N  =  Frog  No. 

LENGTH  OF  THEORETICAL  LEADS. 

Exact. 

Approximate. 

4 

37.20 

37.24 

5 

43  48 

43.48 

6 

48.49 

48.52 

7 

57.58 

57.55 

8 

68  38 

68  31 

9 

74.08 

74.09 

9i 

79.48 

79.48 

10 

82.30 

82.31 

12 

95.24 

95  06 

15 

114. 14 

113  98 

From  table  No.  3  it  is  evident  the  approximate  formula  is  sufficiently 
accurate  to  form  a  basis  for  selecting  a  practical  lead. 

Having  selected  a  practical  lead,  which  call  L',  and  calling  the  lead 
given  by  formula   (i)    L,  we  know 
When  L'  <  L  there  must  be  a  short  piece  of  tangent  adjacent  to  the  toe 

of  the  frog. 
When  L'  >  L  there   must  be   a   short   piece  of  tangent  adjacent    to   the 

heel  of  the  switch  rail. 
When  L'  <  L  the  distance  from  the  heel  of  the  switch  rail  to  the  point 

of  intersection  of  the  switch  rail  produced  with  the  frog  produced  is 

the  tangent  distance  of  the  lead  curve. 
When  L'  >  L  the  distance  from  the  toe  of  the  frog  to  the  above  point 

of  intersection  is  the  tangent  to  the  lead  curve. 

To  determine  the  degree  of  the  lead  curve  of  the  practical  lead : 

Let  x  =  the  distance  from  the  toe  of  the  frog  to  the  point  of  inter- 
section of  the  extension  of  the  wing  rail  and  switch  rail. 

Let  y  =  the   distance    from   the   heel  of   the    switch   rail   to   the    said 
point  of  intersection. 

Let    F=the    frog   angle,    a  =  the    switch    angle,    w  =  distance    from 
point  to  toe  of  frog,  S  =  length  of  the  switch  rail  and  G  =  gage;   then 
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G  cos  a  —  1/  sin  a 

X  = W (2) 

sin  (F  —  a) 
and 

L'  sin  F  —  G  cos  F 

y  = '■ s (3) 

sin  (F  —  a) 
When    L'<  L,    then    x  >•  y    and   y  =  tangent    distance    to    'ead    curve. 
The   length   of   tangent   adjacent   to   the   toe  of   the   frog  and   between   it 
and   the    P.T.   of  the   lead   curve   is 

G  cos  V2  (F  +  a)  —  L'sin  y.  (F  +  a) 

tp-=(x-y)= +(S_W)     (3a) 

sin  ^  (F  —  a) 
When  L' >  L,   then  y  >  x   and  x  =  tangent   distance   to   lead  curve. 
The  length  of  tangent  adjacent  to  the  heel  of  the  switch  rail  and  between 
it   and   the   P.C.  of  the   lead   curve   is 

L'sin  Vj  (F  +  a)  —  G  cos  V,  (F  +  a) 

U=iy~^)= (S-W)    (2a) 

sinVz  (F  — a) 
G  G 

R  =  Tcot  1/2  (F  — a) =  ycoti^(F  — a) (3b) 

2  2 

or 

G 

=  X  cot  1/3  (F  —  a)  —  —    (2b) 

2 
The   offsets    from    the    gage    side    of   or.Ur    rail    of    lead   curve    to   the 
gauge  side  of  the   rail  of  the  principal   track   are: 

Y=  IH   +  (R  +  — )   cos  a|-|  R    I   —  I  cos  (^  +  a) (3c) 


Ih   +  (R  +  — )   cos  a|-jR  +  — J 


or 

r  G       ^       G 

^'=  I  (S  +  ts)  sin  a  +    (R  +  — )   cos  a  l-(R-f— )cos  (a  +  a)  (2c) 

The  distance  measured  on  the  rail  of  the  principal  track  from  a  point 
direct'y  opposite  the  point  of  the  switch  rail  of  the  straight  portion  of 
the  lead  to  the  foot  of  the  ofTset  Y  is 

r         G      ,        G 

X=IS-(R  +  — )sina  1+  (R  +  -)  sin  (  m  +  a) (3d) 

or 

r  GIG 

X=l  (S  +  tJ  -  (R-K— )  sin  a    I  +  (R  +  — )    sin  (m  +  a) (2d) 

L  2  ■*  2 

Throughout  the  above  formulas  the  notation  used  is  that  used  in  the 
report  of  the  Track  Committee. 
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If  it  is   desired  to   determine   approximately   the   degree  of  the  lead 
curve,  the  following  formula  may  be  used  in  connection  with  formula  (i)  : 
N' (4.7  N  —  WJ  —  SN      4NN'+i 

R  = X 

N  +  N'  2(N'— N) 

5730 

D  = . 

R 
From   the   writer's    experience    and    the    above    comparisons    he    con- 
cludes : 

(i)     That  the  use  of  practical  leads  is  good  practice. 

(2)  That  the  approximate  formula  (i),  herein  above  given,  is  suffi- 
ciently accurate  for  a  basis  from  which  to  select  a  practical  lead. 

(3)  That,  having  selected  a  practical  lead  by  formula  (i)  or  by  any 
exact  formula,  the  determination  of  the  remaining  functions  of  the 
turnout  by  formulas  (2)  to  (2d),  or  by  (3)  to  (3d),  herein  above  given, 
is  good  practice. 

The  writer  cannot  claim  sufficient  familiarity  with  the  transactions 
of  the  Association  to  state  positively  that  the  above  points  have  never 
been  discussed  in  them.  However,  being  of  the  opinion  that  the  points 
set  forth  herein  have  not  been  so  discussed,  he  submits  this  paper  to 
obtain  the  criticisms   and   views  of  the   Association   thereon. 

Mr.  A.  C.  Dennis  (Canadian  Pacific — by  letter)  : — The  usual  stand- 
ard elevation  for  outer  rail  on  curves  may  be  calculated  as  follows : 
Elevation  in  inches  equals  square  of  the  speed  in  miles  per  hour  di- 
vided by  1,600,  multiplied  by  degree  of  curve.  One-inch  elevation  cor- 
responds to  a  speed  of  40  miles  per  hour  on  a  one-degree  curve,  and 
varies   as   the   square   of  the   speed   and   directly   as   the   degree. 

Curves  may  be  passed  at  a  speed  corresponding  to  3  in.  more 
elevation  or  6  in.  less  elevation  than  the  speed  for  which  the  curve 
was  adjusted  without  producing  a  feeling  of  discomfort  or  danger. 
They  are  safely  passed  at  speeds  where  the  centrifugal  force  and  ele- 
vation are  much  more  out  of  balance.  A  4-degree  curve  elevated  8 
in.,  which  corresponds  to  about  56.5  miles  per  hour,  can  be  run  com- 
fortably at  66.5  miles  per  hour,  less  than  20  per  cent,  increase  speed 
being  equivalent  to  3  inches  more  elevation,  or  can  be  run  comfortably 
at  about  28  miles  per  hour  corresponding  to  6  in.  less  elevation.  This 
curve  is  safe  but  not  comfortable  at  70  miles  per  hour,  for  which 
speed  it  is  under-elevated  4%  in.,  or  at  i  mile  per  hour,  at  which 
speed  it  is  over-elevated  8  in.  A  4-degree  curve  elevated  i  in.  for 
20  miles  per  hour  is  comfortable  at  40  miles  per  Imur.  wliicli  corre- 
sponds to   100  per  cent,  increase  in  speed. 

The  excess  speed  comfortable  or  safe  beyond  that  for  which  curve 
is  elevated  is  properly  measured  by  the  additional  elevation  required. 
The  method  by  percentage  of  additional  speed  is  an  incorrect  stand- 
ard,  since  the  percentage  is   not  constant,  but  varies   inversely  with   the 
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speed.  Extreme  elevation  of  7  or  8  in.  permits  only  a  slight  percent- 
age of  increase  in  speed  over  that  for  4  or  5  in.  elevation  and  is  un- 
comfortable at  low  speeds  or  for  stop,  increases  curve  resistance  greatly 
for  slow  trains,  facilitates  the  destruction  of  rail  and  ties  under  slow 
traffic,  and  should  not  be  used  on  long  ruling  grades  for  single-track 
lines. 

Elevation  sliould  be  runoff  at  rate  of  a  ^-in.  per  33  ft.,  or  i  in. 
per  33  ft.  Trackmen  can  understand  and  apply  a  rate  of  runoff  given 
them  as  a  "notch  to  the  joint,"  while  they  are  confused  by  a  rate 
given  them  in  other  terms.  The  inch  per  66  ft.  is  preferable  but  not 
worth  nuich  expenditure  over  the  rate  of  an  inch  per  33  ft.  The  short- 
rate   runoff   rides    as   easy   as    the    circle   for    moderate    speeds. 

The  spiral  should  be  of  the  same  length  as  the  runoff,  which 
makes  spiral  depend  on  the  elevation  and  only  indirectly  on  the  de- 
gree. Thc'  elevation  increasing  rapidly  with  speed,  carries  with  it  an 
increasing  length  of  spiral  corresponding  to  the  same  speed  as  the 
elevation  is  designed  for.  Elevation  with  spiral  to  correspond  should 
be  determined  for  each  curve  when  locating  the  line.  Probable  speed 
can  readil}^  be  approximated  l)y  one  familiar  with  such  work  from  a 
study  of  the  profile  for  any  class  of  train.  Should  the  elevation  of 
any  curve  have  to  be  changed  so  that  the  spiral  length  does  not  cor- 
respond to  the  usual  rate  of  runoff,  it  would  only  result  in  some  in- 
convenience to  the  trackmen.  It  is  better  to  be  sometimes  wrong  in 
working  to  the  wrong  elevation,  than  to  be  generally  wrong  by  using 
the  same  spiral  for  the  same  degree  of  curve  regardless  of  the  prob- 
able   variation    in    its    elevation. 

For  many  years  the  writer  has  used  a  spiral,  practically  the  cubic 
parabola,  which  does  not  require  fieldbooks  or  tables  to  determine  the 
deflections  and  can  be  any  length  and  fit  any  circle.  This  spiral  is 
based  on  chord  lengths,  each  yl,  1-6  or  other  equal  part  of  the  spiral 
length.  The  deflections  for  these  points  for  all  lengths  of  spiral  join- 
ing any  curve  whatever  are  always  a  fixed  proportion  of  the  spiral 
angle.  The  deflections  for  the  four-point  spiral  going  .on  are  r,  2",  3", 
4''  or  T,  4,  9  and  16  times  the  deflection  unit.  The  deflection  for  the 
last  point  is  one-third  spiral  angle  =  16  deflection  units.  One  deflection 
unit  is  equal,  therefore,  to  the  spiral  angle  divided  by  48.  The  de- 
flections from  beginning  of  spiral  are  i,  4,  9  and  16  times  this  unit  for 
all  spiral  lengths  and  angles.  The  deflections  going  off  are  those  for 
the  circle  produced  less  the  above,  or  11,  20,  27  and  32  times  this 
deflection  unit  for  the  four  cjuarter  points  of  this  spiral.  The  deflec- 
tions for  a  six-point  spiral  are  similarly  i,  4,  9,  16,  25  and  36  times 
the  deflection  unit  going  on  and  17,  32,  45,  56,  65  and  72  times  going 
off.  The  spiral  unit  is  one-third  the  spiral  angle  divided  by  the 
square  of  the  number  of  equal  parts  of  spiral  length.  For  the  six-point 
spiral,  it  is  spiral  angle  divided  by  108.  The  offset  or  shift  from 
tangent    of    the    spiral    to   the   circle    produced    to    a    parallel    tangent    is 
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length  of  spiral  in  stations,  multiplied  by  i./o  ft.  by  deflection  in  de- 
grees  for  center   of   spiral. 

The  many  easily  figured  characteristics  of  this  cur\'e  commend  it 
for  platting  and  ease  in  running  in  difficult  country,  it  being  to  one 
familiar  with  it  about  as  easy  as  the  circle.  The  difference  from  the 
true  cubic  parabola  is  immaterial  within  usual  spiral  limits  and  it  is 
adjustable  exactly  to  any  length  of  spiral  and  is  exactly  tangent  to 
the    circle. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio — by  letter)  : — The  rule  given 
by  M'r.  Dennis  for  calculating  elevation,  expressed  in  the  same  form  of 
formula  as  that  given  in  the  Manual  of  Recommended  Practice,  is 
£  =  .000625  DV\  as  against  the  adopted  formula  E  =  .ooo66DV",  which 
is  approxnnately  the  correct  theoretical  elevation  required  to  main- 
tain the  resultant  of  forces  in  a  line  normal  to  the  plane  of  the  track. 

In  the  adopted^  formula  E  is  measured  at  the  gage  line,  while 
track  levels  are  so  constructed  as  to  measure  the  elevation  at  the 
outer  edge  of  the  rail.  If  E  is  taken  as  the  measure  indicated  by  the 
ordinary  track  level,  the  factor  would  be  increased  to  about  .00069. 

The  elevation  proposed  by  Mr.  Dennis  is  in  line  with  the  conten- 
tion of  some  engineers  that  the  elevation  should  be  kept  low  in  order 
to  maintain  a  constant  pressure  against  the  outer  rail ;  but  is  this  not 
already  accomplished  to  a  sufficient  degree  by  frictional  resistance  to 
the  turning  of  the  truck?  The  question  is  an  old  one,  but  always  one 
of  interest. 

The  rule  proposed  by  Mr.  Dennis  has  the  arithmetical  advantage 
of  giving  an  elevation  which  is  expressed  exactly  in  even  sixteenths  of 
an  inch  when  the  curve  is  of  an  even  degree  and  the  speed  is  a 
multiple    of    ten. 

The  opinion  of  Mr.  Dennis  as  to  the  amount  which  the  calculated 
speed  may  be  exceeded  without  discomfort  practically  coincides  with 
the  opinion  of  the  Committee  on  Track,  Bulletin  108,  page  469:  "It 
seems  evident  that  if  the  theoretical  speed  is  exceeded  more  than  15 
or  20  per  cent,  on  a  curve  having  8-in.  elevation,  or  if  the  required 
elevation  exceeds  the  actual  elevation  by  more  than  2^^  to  3^  in.,  there 
would    be    discomfort    to    a    considerable    proportion    of    the    passengers." 

In  answer  to  the  statement  by  Mr.  Dennis  that  elevation  should  be 
run  off  at  a  rate  of  a  half-in.  per  t^t,  ft.,  or  one  in.  per  2,2,  ft.,  in  order 
that  the  trackman  may  change  his  track  level  "a  notch  to  the  joint," 
the  writer  begs  to  submit  that  there  are  more  30-ft.  than  33-ft.  rails 
in  track  to-day;  that  our  Association  recommends  a  minimum  stand- 
ard length  of  33  ft. ;  that  the  length  of  rail  is  governed  mainly  by 
length  of  gondola  car ;  that  36-ft.  or  40-ft.  rails  may  soon  be  the  rule 
rather  than  the  exception,  and  that  6o-ft.  rails  are  already  used  to  a 
considerable    extent. 

Should  we  choose  a  standard  runoff  that  would  compel  us  to 
change   our   alinement,   not    only   when   the    addition    of   a    flyer    or    the 
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diversion  of  express  trains  to  another  route  calls  for  a  radical  change 
in  elevation,  hut  whenever  we  replace  light  or  worn-out  rails  with 
rails   of  diflfcrent   length? 

Should  wc  choose  a  standard  that  would  require  one  alinement 
for  a  track  on  ascending  grade  and  another  alinement  for  a  parallel 
track  on  a  descending  grade?  A  four-track  line  on  a  ruling  gradient 
would  necessarily  require  different  elevations  for  each  of  the  four 
tracks.  Condition?  might  require  an  elevation  of  J4"'"ch  for  the 
ascending  freight  track,  4^  in.  for  the  ascending  passenger,  2>^  in. 
for  the  descending  freight  and  8  in.  for  the  descending  passenger  track, 
these  being  the  respective  elevations  for  a  4-dcgree  curve  for  lo,  40, 
,10  and   55   miles   per  hour. 

Every  track  foreman  carries,  or  should  carry,  a  tape  line.  If  the 
required  elevation  is  454  in.  ^nd  the  length  of  spiral  is  270  ft.,  there 
arc  not  many  foremen  who  could  not  ascertain  that  this  means  %-\n. 
in  14.2  ft.;  this  information  should,  however,  be  painted  on  the  eleva- 
tion  post. 

It  is  true  fliat  the  spiral  should  be  of  the  same  length  as  the  run- 
off, but  the  rule  should  be  stated  conversely — that  the  runoff  should 
be  of  the  same  len,!:>;tli  as  Ibc  spiral.  Tiie  writer  considers  that  it  is 
usually  impossilJe  to  determine,  .it  tlu'  time  a  line  is  located,  the  exact 
speed  at  which  the  fastest  trains  will  be  scheduled  after  the  road  is 
put  in  operation,  as  there  are  so  many  factors,  aside  from  alinement 
and  profile,  which  govern  the  operated  speed  of  trains.  A  proper  study 
of  the  alinement  and  gradients  will  determine,  however,  the  maximum 
speed  for  all  parts  of  the  line,  and  the  results  of  this  examination 
should  be  indicated  on  a  speed  iirofilc ;  eur\cs  slumld  then  be  spiraled 
tor   the   maximmn    speeds    thus    determined. 

In  rougli  country  the  expected  reciuirements  of  traftlc  usually  lead 
to  the  adoption  of  a  maxinunn  degree  of  curve  for  a  new  line  and 
topographic  conditions  usually  require  the  rei)eated  use  of  the  maxi- 
mum curve.  When  there  is  no  fixtd  ni:ixiniuni  degree  of  curve  or 
when  the  topography  permits  lighter  curves  than  tlie  maxinunn  being 
used,  the  best  practice  is  to  group  the  curves,  making  free  use  of  the 
maximum  curve  required  bv  tr])ography  in  one  locality,  while  making 
liberal  expenditures  to  avoid  exceeding  the  lighter  curves  generally 
pcrmitlod    by    topography    in    another    locality. 

In  the  abo\e  cases  the  maximum  degree  of  cur\e  (either  locally 
or  consecutively  considered)  will  usually  govern  the  maxinuuu  speed 
for  which   the   curves   should   be   spiraled. 

Sunp-- sii-:g  u.  line  has  been  located  with  maximum  curves  of  4  de- 
rrees  "-cr  one  portion  and  6  degrees  (ncr  another  and  the  whole  line 
spiraled  for.  a  speed  of  40  miles  per  hour,  the  highest  expected  speed; 
then,  in  the  i  vent  of  an  extension  of  the  line,  consolidatit  n.  or  traffic 
agreement,  b\  which  more  important  poiuts  would  be  reached  that 
would  neces.Mtate  running  faster  trains,  the  change  in  elevation  would 
result    in    something    much    more    serious    than    some    inconvenience    to 
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the  trackmen ;  it  would  result  in  discomfort  and  annoyance  to  pas- 
sengers, owing  to  too  short  runoffs,  where  there  would  be  no  discom- 
fort on  the  circular  curves  and  would  be  a  permanent  fault  in  aline- 
ment ;  but  if  the  expected  speed  of  40  miles  per  hour  should  not  be 
exceeded,  then,  in  all  probability,  much  money  has  been  wasted  in 
building  a  line  with  4-degree  curves,  where  a  line  with  sharper  curves, 
meeting  all  requirements  of  traffic,  could  have  been  built  at  much  less 
cost. 

Thus,  for  the  character  of  lines  mentioned  above,  the  question  of 
spiraling  resolves  itself  mainly  into  one  of  the  degree  of  curve  which 
limits   the    speed. 

But  there  are  many  lines  and  portions  of  lines  in  which  topography 
does  not  govern  the  maximum  degree  of  curve,  in  which  case  degree 
of  curve  is  not  in  any  way  related  to  the  maximum  speed,  but  is 
kept  as  low  as  practicable  in  order  to  minimize  frictional  resistance  on 
slow-moving  freight  trains.  On  such  lines  and  portions  of  lines  the 
length  of  spiral  should  be  governed  by  the  highest  speed  for  which  the 
line   is   adapted,   as   determined   by   a   study   of   the   profile. 

The  recommendation  for  spiraling  curves  which  are  not  limiting 
curves  as  to  speed,  adopted  as  part  cf  the  Manual  at  the  last  con- 
vention, covers,  in  the  opinion  of  the  writer,  all  such  special  conditions 
as  a  curve  at  the  summit  of  a  heavy  grade,  curves  within  yard  limits, 
and  at  junctions  and  crossings  of  other  roads;  where  no  spiral  is  pos- 
sible the  elevation  should  be  restricted  to  about  two  in.  at  the  point 
of  curve,  if  comfortable  riding  is  to  be  assured,  and  a  proper  limit 
placed  on   the   speed. 

Years  ago  the  writer  used  the  identical  method  of  running  spirals 
without  tables  mentioned  by  Mr.  Dennis,  with  the  single  exception  of 
the  method  of  obtaining  the  cfifset  or  shift.  The  method  and  results 
were  found  to  be  quite  satisfactory  for  the  ordinary  spirals  used  at 
that  time  for  spiraling  old  tracks,  but  were  found  to  be  inaccurate  and 
unsuited   for   spirals   of   large   central    angle. 

The  properties  cf  the  spiral  mentioned  by  Mr.  Dennis  are  just  as 
true  now  as  they  were  then  and  should  be  kept  in  mind  by  all  transit- 
men.  But  the  errors  resulting  from  such  approximation  are  not  al- 
ways negligible  and  there  is  a  real  necessity  for  formulas  which  will 
not  only  eliminate  all  appreciable  errors,  but  will  be  of  simple  trigono- 
metrical  form   and  easy   of  solution. 

The  writer  does  not  consider  the  amendment  to  the  Manual  of 
Recommended  Practice  adopted  at  the  last  convention  to  be  unassailable 
or  that  it  is  necessarily  the  best  practice ;  that  can  be  determined  only 
by  careful  and  long-continued  trial.  But  it  is  at  least  a  safe  rule  and 
will  serve  to  correct  three  common  faults  in  the  present  widely  di- 
verging practice : 

(i)  The  haphazard  method  of  re-running  track  centers  and 
changing  alinement  every  two  or  three  years  in  order  to  accommodate 
varying    speeds    and    varying    ideas    in    regard    to    the    proper    length    of 
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spirals ;  sometimes  sharpening-  curves  and  lengthening  spirals  and  again 
lightening  curves  and  shortening  spirals ;  constantly  shifting  the  track 
away  from  the  old  and  solid  roadbed;  destroying  the  value  of  all 
previous  records  of  alincmcnt  and  frequently  keeping  no  record  of  the 
new. 

(2)  Penalizing  the  alinenient  by  increasing  degree  of  curve  to 
obtain   an   unnecessarily    long   spiral. 

(3)  Penalizing  the  alincment  by  using  too  short  spirals  in  order 
to  decrease  degree  of  curve  when  the  net  result  is  to  decrease  the 
maximum  speed  consistent  with  safety  or  comfort. 

The  recommended  practice  involves  a  principle  that  has  already 
been  applied  in  different  ways  by  a  number  of  roads,  but  which  has 
not,  to  the  best  of  the  writer's  knowledge,  appeared  in  any  textbook 
or  discussion  on  the  use  of  spirals  prior  to  last  January.  The  prin- 
ciple being  that  each  rate  of  increase  of  spiral,  as  well  as  each  degree 
of  curve,  sets  a  more  or  less  definite  limit  on  speed,  and  that  in  order 
to  obtain  the  best  results  with  the  greatest  economy  a  given  spiral 
should  be  used  with  a  given  curve  if  such  curve  is  relatively  sharp 
enough    to    restrict    the  speed. 

On  January  12,  1909,  after  the  report  of  the  Committee  on  Track 
was  in  the  hands  of  the  printer,  a  paper  was  read  before  the  Institute 
of  Civil  Engineers  in  London  by  Mr.  W.  H.  Short,  Associate  Member 
Institute   Civil   Engineers,   the   following  being  an    extract   therefrom : 

"The  paper  points  out  that  the  high  speeds  at  which  trains  now 
run  render  it  very  important  not  only  that  the  track  should  be  of 
sufficient  strength  to  carry  the  great  weights  put  upon  it,  but  also  that 
its  alinement  should  be  perfect ;  so  that  trains  entering  and  leaving 
curves  may  at  all  times  travel  not  only  safely,  but  so  smoothly  that 
passengers  will  not  feel-  any  discomfort  whatever,  whether  the  curves 
be  sharp  or  flat.  In  -order  to  secure  this  condition,  it  is  necessary  that 
all   curves   should   be  entered   and    left   by   transition   curves. 

"With  regard  to  lines  yet  to  be  made  there  should  be  little  difficulty 
in  providing  the  necessary  transition  curves,  as  there  will  be  no  fixed 
obstacles  in  existence  to  interfere  with  the  setting  out  by  any  of  the 
methods  already  published ;  but  the  lines  yet  to  be  made  in  Great 
Britain  are  few  in  comparison  with  those  already  in  existence,  most 
of  which  have  been  constructed  without  transition  curves.  Hence  the 
necessity  for  some  simple  and  effective  method  of  introducing,  with- 
out serious  expense,  transition  curves  which  will  promote  the  smooth 
and    safe    running   of    trains    at   high    speeds. 

"Such  a  method  has  been  devised  by  the  author;  it  is  believed  to 
be  original,  and  has  been  used  with  success  on  the  London  &  South - 
Western  Railway.  The  method  is  a  graphical  one,  in  which  distorted 
scales  are  so  used  as  to  render  very  small  differences  of  curvature 
clearly  visible. 

"Before  describing  the  method  the  two  following  questions  are  dis- 
cussed : 
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"(i)     What   is   the   true   purpose   of   a   transition   curve? 

"When  a  pure  circular  curve  is  entered  directly  from  the  straight, 
centrifugal  force  acts  very  suddenly  on  each  vehicle ;  this  sudden  action 
of  the  centrifugal  force  produces  a  swing,  similar  to  the  swing  of  a 
pendulum-bob    when    drawn    aside    and    released. 

"As  a  rule,  the  outer  rail  on  ihe  straight  leading  to  the  curve  is 
gradually  superelevated,  so  that  the  proper  amount  of  cant  is  attained 
at  the  entrance  to  the  curve ;  but  this  cannot  lessen  the  extent  of  the 
swing,    although    it    lessens    the    sense    cf    discomfort    to    the    passengers. 

"The  over-swing  or  pendulum  effect  is  augmented  by  reversal  of 
curvature,  and,  consequently,  it  is  at  such  points  discon  fort   's  most  felt. 

"The  true  purpose  of  a  transition  curve  is,  therefore,  to  enable  the 
centrifugal  force  to  be  applied  gradually,  and  so  obviate  the  swing  pro- 
duced  by    its    sudden    action. 

"(2)  What  is  the  most  suitable  length  and  form  of  transition 
curve? 

"An  efficient  transition  curve  should  allow  of  a  rate  of  gain  or  loss 
of  radial  acceleration  for  the  fastest  trains  just  equal  to  the  maximum 
amount   that   will   pass   unnoticed. 

"The    radial   acceleration   of   a    car    moving   v    feet    per    second   in    a 

v 
curve   of   r   feet    radius    equals   — ;    so   that,   neglecting   the    easing   effect 

r 
due  to  the   length  of  a  coach,  the  rate  of  gain  of  acceleration   when  a 
car   enters   a   curve   of   r   feet   radius   with   a   transition   /   feet  long,   at   v 

feet    per    second,    equals    — .    In    the    author's    experience,    the    maximum 

rate  of  gain  or  loss  of  acceleration  that  will  pass  unnoticed  is   i   ft.  per 
second  per  second  in  a  second,  so  that  /,  the  length  of  transition  neces- 

sary,  equals  —  ft. 
r 
"It  appears  that  eleven  times  the  square  root  of  the  radius  in 
chains  represents  the  maximum  speeds  in  miles  per  hour  that  are 
regularly  attained  over  curves  in  practice,  and,  therefore,  eliminating  v 
from  the  above  expression,  it  is  shown  that  for  practical  purposes  th  ■ 
suitable    length    of    transition    curve    equals     VR    chains. 

"V=ii  VR  being  only  true  up  to  about  82  miles  per  hour,  L=  VR 
only  applies  to  curves  of   less   than   about   54.3   chains   radius. 

"Where  speeds  as  high  as  11   VR  are  not  probable,  or  even  possible, 
the  length  of  transition  may  be  reduced,   and  is  given  by  the  expression 
o  000724  V^ 

,  where  V  is  the  maximum  speed. 

R 


482  TRACK. 

"The  reciprocal  of  the  rate  of  change  of  acceleration  gives  a  meas- 
ure of  the  efficiency  of  ihe  transition  curve;  hence  the  efficiency  of  any 
transition  curve  of  length   L  chains  between  a  tangent   and   a  curve  of 

1381  R  L 
R  chains   radius  under  a  speed  of  V  miles  per  hour  equals  . 

"In  all  cases  where  the  length  of  transition  adopted  is  less  than  VR 
this  expression  is  extremely  useful,  as  it  enables  a  comparison  to  be 
made  between  a  number  of  equally  possible,  but  different,  methods  of 
improvement." 

The  interest  displayed  in  the  question  of  the  proper  length  of 
spiral,  as  shown  by  the  replies  to  the  circulars  sent  out  last  year  by 
the  Committee  on  Track  and  as  shown  by  the  letter  of  Mr.  Dennis,  is 
gratifying,  ^nd  it  is  to  be  hoped  that  further  discussion  will  eventually 
lead  to  the  revision  and  perfection  of  the  recommended  practice  as 
adopted  by  the  last  convention. 

Mr.  John  G.  Sullivan  (Canadian  Pacific — by  letter)  : — Referring  to 
progress  report  of  Track  Committee,  published  on  pp.  475-477,  Bul- 
letin 108,  regarding  spiral  formulas,  while  the  writer  concurs  with  the 
conclusions  and  also  with  their  remarks  as  to  the  objections  to  pub- 
lished formulas,  he  feels  sure  that  it  would  be  a  benefit  to  the  railway 
world  if  the  objections  mentioned  by  the  Committee  in  their  report 
were  simply  left  out  of  published  formulas. 

The  writer  remembers  well  the  first  curve  problem  he  had  to 
solve  after  leaving  college ;  although  supposed  to  know  all  about  these 
things,  he  did  not  really  know  whether  the  length  of  curve  was  to  be 
measured  on  the  arc  or  on  the  chord  and  was  compelled  to  look  up 
his  fieldbooks. 

Now,  leaving  out  the  minor  fine  points,  which  in  actual  practice  are 
of  really  no  importance,  there  are  certain  general  principles  of  the  spiral 
curve  that  if  they  were  fully  understood  by  the  average  fieldman  spiral 
problems  would  become  much  more  simple  and  the  matter  would  be 
better  understood  by  all   parties. 

For  all  practical  purposes  the  spiral  curve  is  a  curve,  if  we  may 
so  state  it,  one  step  higher  than  the  simple  curve.  To  name  some 
common  properties  and  their  differences,  the  writer  would  state  them 
as  follows : 

The  offset  from  the  tangent  to  a  simple  curve  for  short  distances 
varies  as  the  square  of  the  distance  from  the  beginning  of  curve,  while 
the  offset  from  the  beginning  of  a  spiral  varies  as  the  cube  of  the 
distance. 

While  the  middle  ordinate  of  a  given  chord  for  a  simple  curve  is 
uniform,  the  middle  ordinate  of  a  given  chord  for  a  spiral  varies  as 
the    distance    from    the    beginning   of   the    spiral. 

The  deflections  from  the  beginning  of  a  simple  curve  to  various 
points  on  the  same  vary  directly  as  the   distance ;   the  deflections   from 
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the   beginning  of  a  spiral    to  various   points   on   the   same   vary   as   the 
square  of  the   distance. 

The  deflection  angle  from  the  beginning  of  a  simple  curve  to  any 
point  on  the  same  is  one-half  the  total  central  angle  up  to  that  point; 
the  deflection  angle  from  the  beginning  of  a  spiral  to  any  point  on  the 
same    is    one-third    the   total   central   angle  up    to   that   point. 

The  degree  of  curvature  on  simple  curves  is  constant;  the  degree 
of  curvature  on  spirals  varies  as  the  distance  from  the  beginning  of 
spiral,  and  at  any  point  is  equal  to  the  total  angle  up  to  that  point, 
divided  by  half  the  distance  from  the  beginning  of  spiral  to  that  point. 

The  above,  of  course,  is  simply  putting  in  words  part  of  the 
formulas     which     the     Committee     have     introduced     in     their     report. 

LD 

Formula    i,   page   476,    i.   e.,    A    =  .      Putting  this   into  words,  the 

200 
writer  would  say  that  the  spiral  is  twice  the  length  of  the  simple  curve 
it   replaces,    and   that   the   angle    of   the   spiral    equals    the    angle    of   the 
simple   curve   which   it   replaces. 

If  the  above  principles  were  thoroughly  understood  and  the  field 
engineer  was  advised  as  to  the  length  of  the  spirals  to  be  used,  the 
next  problem  that  would  confront  him  would  be  how  to  run  these 
spirals   on    the    ground. 

The  writer  submits  herewith  two  books  of  spiral  tables  prepared 
for  the  Canadian  Pacific  Railway  Company.  In  our  general  work  we 
use  entirely  the  Holbrook  method ;  the  last  table,  however,  on  pp.  46 
and  47,  is  an  original  table  of  coefficients  and  one  to  be  used  in 
special  cases  where  an  odd-minute  degree  of  curve  is  to  be  spiraled  or 
where  a  spiral  of  a  certain  length  is  desired  for  which  the  general 
tables  do  not  give  deflections. 

To  explain  this  table  further  than  is  explained  in  the  instructions, 
the  following  exam.ple  is  given :  Suppose  it  is  desired  to  spiral  a  6°  13' 
curve  with  a  spiral  400  ft.  long.  That  will  mean  that  the  degree  of 
curve  at  the  end  of  spiral  400  ft.  long  will  be  6°  13';  as  the  rate  of 
change  is  constant,  dividing  6°  13'  by  400  ft.  will  give  .9325  min.  as 
the  rate  of  change  per  foot.  Now  by  use  of  this  table  we  can  choose 
any  number  of  chords  (up  to  25)  into  which  this  400-ft.  spiral  can  be 
divided,  then  with  the  transit  set  at  any  one  of  these  points  on  the 
spiral,  deflections  to  other  points  can  be  secured  by  multiplying  the 
deflection  from  the  beginning  of  spiral  to  the  end  of  the  first  chord 
by  the  figures  given  on  the  horizontal  line  corresponding  to  the  number 
of  point  at  which  transit  is  set. 

Now  as  it  is  general  practice  to  choose  chords  of  an  even  num- 
ber of  feet,  instead  of  figuring  the  deflection  in  the  method  given  in 
our  instructions,  the  writer  would  recommend  the  following  practice, 
i.  e.,  figure  the  degree  of  curvature  at  the  end  of  the  first  chord,  and 
from  the   relation  between  the   degree   of  curvature   and   the   deflection 
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LD 

obtain  the  first  deflection.     From   formula   i,  i.   e.,    A= it  is  easily 

200 
deduced  that  at  the  end  of  25  ft.  of  any  spiral    A    equals  %   degree  of 
curve: 

.'Vt  the  end  of  30  ft.  A  equals  50  degree  of  curve 
At  the  end  cf  40  ft.  A  equals  h  degree  of  curve 
.■\t  the  end  of  50  ft.  A  equals  %  degree  of  curve 
At  the  end  of  60  ft.    A   equals   A  degree  of  curve 

and  the  first  deflection  being  1-3  of   A    we  have  the   deflections   for  the 
first  chord  of  the  following  lengths : 

Deflection  of  first  chord  at  end  of  25  ft.  =:  ^V  degree  of  curve. 
Deflection  of  first  chord  at  end  of  30  ft.  =  Vo  degree  of  curve. 
Deflection  of  first  chord  at  end  of  40  ft  =  tV  degree  of  curve. 
Deflection  of  first  chord  at  end  of  50  ft  =  I'j  degree  of  curve. 
Deflection  of  first  chord  at  end  cf  60  ft.  =  yV  degree  of  curve. 

Now  returning  to  the  problem  of  spiraling  a  6''  13'  curve  and 
choosing  a  50-ft.  chord  the  degree  of  curve  at  the  end  of  50  ft.  will 
be  50  X  .9325',  or  46.625' ;  the  deflection  for  this  first  chord  will  be 
1-12  of  this,  or  3.8854+';  for  the  second  point,  four  times  this  amount, 
15.5+';  for  the  third  point  nine  times  this  amount,  or  35 — '.  and  the 
fourth  point  will  be  sixteen  times  this  amount,  or  i"  2  +  ',  and  so 
on,  until  the  eighth  point  will  be  sixty-four  times  this  amount,  or 
4°  8^',  which  last  deflection  it  will  be  noted  is  one-third  of  A.  Run- 
ning the  curve  from  the  other  end  the  first  deflection  3.8854+'  would 
be  multiplied  by  23,  44,  63,  80,  95,  108,  119  and  128,  and  it  will  be 
noticed  that  the  last  deflection  will  give  8°   lyYs',  which  is  5^  of   A. 

If  a  25-ft.  sub-chord  was  chosen  the  degree  of  curve  at  the  end  of 
the  first  chord  would  have  been  25  X  .9325',  or  23.3125',  and  the  deflec- 
tion for  the  end  of  the  first  chord  would  be  1-24  of  this,  or  .9713'.  and 
this  deflection  multiplied  by  the  figures  given  in  the  first  column  up  to 
16,  end  of  curve,  will  give  the  deflections  for  the  sixteen  different 
points.  Running  curve  the  other  way,  beginning  with  47  and  ending 
with  512,  will  give  the  deflections  running  the  spiral  from  the  end  of 
the   curve  to   the  tangent. 

Now  if  it  was  necessary  to  set  up  the  transit  on  any  intermediate 
point,  for  example,  point  Nn.  9,  the  deflections  both  ways  from  this 
point  would  be  obtained  by  nniltiplying  the  first  d.^flection  .9713  by  the 
figures  on  the  hofizontal  line  marked  "q."  from  2(^  to  162,  running 
toward  point  of  s]/iral,  and  liy  28  to  238  in  running  toward  beginning 
of  curve. 

It  will  be  ui/derstood,  of  course,  that  in  this  example  an  extreme 
case  has  been  t/iken,  and  that  generally,  instead  of  dealing  with  long 
fractions,   we   w/>uld   have  only  even   minutes   to  deal   with. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio — by  letter)  : — The  Track 
Committee,  in  its  progress  report,  named  the  following  objections,  one 
or  more  of  which   apply  to  all   existing   formulas ; 
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(i)  They  are  too  complicated  for  convenience  in  field  work  and 
in    calculations. 

(2)  They  are  in  the  form  of  infinite  scries,  giving  slightly  vary- 
ing  results   dependent  on  the   number  of  terms  used. 

(3)  They  are  roughly  approximate  and  not  mathematically  re- 
lated one  with  another. 

Mr.  Sullivan,  while  concurring  in  these  objections,  suggests  that 
these  objections  simply  be  left  out  of  published  formulas  and  suggests 
a  statement  of  principles  in  lieu  of  formulas. 

The  principles  suggested  are  well  known  as  approximate  expres- 
sions of  the  properties  of  the  railroad  spiral,  but  are  as  unsuited  for 
the  calculation  of  tables  or  for  other  mathematical  operations  as  the 
assumption  that  "the  offset  from  the  tangent  to  a  simple  curve  for 
short  distances  varies  as  the  square  of  the  distance  from  the  beginning 
of   the   curve"    is    unsuited    for   calculating   the    circular    curve. 

The   true    cubic    parabola,    the    curve   which    exactly    fulfills   the    con 
ditions    of    the    first    principle    named    by    Mr.    Sullivan,    is    open    to    all 
three   objections,    for   while    it    gives    the    simple    formulas 

,^Y  Y 

Y  =  kX''        tan  A  = ,        tan  A  =  — ,        tan  A  =  '3  tan  A 

X  X 

C  =  X  sec  A,        U  =  ^  X     and     \'  =  Y^  Xstc  t,, 
these    equations    are   grossly    inconsistent    with    the    fundamental    formula 
DL 

of  the   spiral    A  = when   large   angles   are   involved,   and   it    is   fully 

200 
as   difficult   to   express   any   of   the   above   quantities   in   terms   of   L   as   it 
is  in  the  case  of  the  true  railroad  spiral. 

A   single   example   of   its   inadaptability   is   that    when    A    =40",   then 

DL 

A  =   I5''37'35".   while   for   the   true   railroad   spiral     (A    =  ),    A  = 

200 
I3''i6'48". 

A  modification  of  the  cubic  parabola,  which  consists  in  making  the 
offsets  from  the  tangent  vary  as  the  cube  of  the  length  measured  along 
the  spiral  for  the  first  half  and  making  the  offsets  from  the  circular 
curve  vary  as  the  cube  of  the  length  measured  along  the  spiral  for  the 
second  half,  fulfills  every  requirement  fcr  easy  riding  and  is  very 
easily-  staked  by  offsets,  but  the  calculation  of  the  abscissa  of  the  he- 
ginning  of  the  circular  curve  (Z)  is  very  awkward,  and.  each  half  of 
tiic  spiral  being  in  reality  an  independent  curve,  a  25C-ft.  spiral  to  a 
5-degree  curve  would  be  somewhat  different  from  the  first  half  of  a 
Sco-ft.  spiral  to  a  lo-degree  curve ;  the  deflection  angles,  too.  have  a 
most  peculiar  relation  to  length  and  central  angle  when  the  latter  is 
large. 

The  degree  of  curve  in  such  a  spiral,  while  not  increasing  exactly 
in   proportion   to   the   length,   does   so   approximately,   and  there   is   abso- 
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lute  continuity,  if  not  absolute  uniformity,  in  the  curve;  furthermore, 
it  is  tangent  to  the  circular  curve.  The  only  objection  to  such  a 
curve  is  the  difficulty  of  giving  formulas  for  its  calculation  and  of  re- 
producing it  by  means  of  deflections.  The  principle  can  be  applied, 
however,  in  laying  out  a  spiral  whose  oflfset  and  tangent  distance  has 
been  computed  from  another  assumption,  the  only  difference  between 
a  spiral  thus  laid  out  and  one  run  by  deflections  being  an  almost 
inappreciable  outward  swing  in  the  first  half  and  a  similar  inward 
swing  in  the  second  half  of  the  spiral,  the  curvature  increasing  a  little 
slower  at  the  ends  and  a  little  faster  in  the  middle  than  a  uniform 
rate. 

The  second  principle  suggested  by  Mr.  Sullivan  is,  of  course,  as 
nearly  true  as  that  the  middle  ordinate  of  a  circular  curve  is  arith- 
metically proportional  to  the  degree  of  curve;  this  principle  is  of  great 
value   to    the  trackman    in    lining   up   a    spiral. 

The  third  and  fourth  principles  hold  almost  absolutely  up  to  a 
central  angle  of  lo  degrees ;  they  should  not  be  applied  when  the  cen- 
tral angle  greatly  exceeds  IS  degrees;  if  applied  to  a  central  angle  of  40 
degrees,  the  spiral  will  not  be  tangent  to  the  circular  curve,  but  will 
intersect  it  at  an  angle  of  about  o°io'. 

The  fifth  principle  stated  by  Mr.  Sullivan,  "The  degree  of  curva- 
ture on  spirals  varies  as  the  distance  from  the  beginning  of  spiral  and 
at  any  point  is  equal  to  the  total  angle  up  to  that  point,  divided  by 
half  the  distance  (in  stations)  from  the  beginning  of  the  spiral  to 
that  point,"  is  the  fundamental  principle  upon  which  the  true  railroad 
spiral  is  based,  and  upon  which  nearly  all  spiral  formulas  and  tables 
are  founded.  The  discrepancy  between  diflferent  tables  lies  not  so 
much  in  the  way  this  last  principle  is  applied  as  in  the  too  free  appli- 
cation of  the  other  so-called  "principles,"  which  do  not,  or  should  not, 
govern  the  form  of  the  spiral,  but  which  are  merely  "properties"  of 
the   spiral   which  are  true  only  within  certain  limits. 

The  following  table  shows  comparatively  the  deflection  angle,  long 
chord,  co-ordinates  of  the  end  of  spiral  and  co-ordinates  of  the  begin- 
ning of  the  oflfsetted  circular  curve  as  given  in  several  tables  for  each 
alternate  chord-point  of  a  spiral  whose  curvature  increases  I  degree 
per  50-ft.  chord.  It  may  be  stated  that  Talbot  does  not  specify  the 
length  of  chord  to  be  used,  and  that  Holbrook's,  Talbot's  and  Crandall's 
tables    arc    computed    for   arc  measurement ;    also   that    the   values   of    0 

5729-58 

and  Z  are  computed  by  Holbrook  from  the  formula  R  = ,  and 

D 

5730 

by  Talbot  and  Crandall  from  R  = .     The  table  also  gives  the  actual 

D 
quantities   computed   from   the  angles   between    each   separate   chord   and 
tangent,  0  and  Z  being  derived  from  R  =  50  cosec  Yi  D;  and,  finally 
though  net  pertinent  to  this  discussion,  are  added  the  quantities  derived 
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from  the  formulas  given  -in  the  Track  Committee's  progress  report, 
these  formulas  being  based  on  the  assumption  that  each  point  is 
reached,  not  by  50-ft.  chords,  but  by  ten  equal  chords. 

The  spiral  which  increases  i  degree  per  50  ft.  is  chosen  for  com- 
parison because  it  has  probably  been  more  frequently  used  than  any 
other. 


COMPARISON  OF  TRUE  PROPERTIES  OF  A  SPIRAL,  RATE  OF  INCREASE  1' 
ti.        PER  50-FOOT  CHORD,  WITH  PROPERTIES  AS  GI\TEN  BY  SEVERAL 
AUTHORS.     (TRACK  COMMITTEE'S  NOTATION.) 


Author 


True  Value. 
Holbrook. . . 
Sullivan.  . . 
Crandall. . .  . 

Talbot 

Track  Com. 


100 
100 
100 
100 
100 
100 


0°20'00" 

0°20'12'' 

0°20' 

0°20' 

0°20' 

0°20'00" 


o 


99.9991  99.997 
99.994 
100.00 
100  00 
100.00 
99.997 


100.00 
100.0 
100.00 
99.999 


0.582 

0.582 

0.58 

0  58 

0.58 

0.582 


49  .997 
50.000 
50.00 
50.0 

50  00 
49.997 


0.145 

0.146 

0.15 

0.14 

0.15 

0.145 


True  Value. 
Holbrook. . . 
Sullivan. .  . . 
CrandaU. .    . 

Talbot 

Track  Com. 


200 
200 
200 
200 
200 
200 


1  °20'00" 
1  °20'04'' 
1  °20'00" 
1  °20'00" 
1  °20'00" 
1  °20'00" 


199.960  199.906 

199.805 

199.97  199.91 
200  0  199.90 
199.96  199  90 
199.957  199  903 


4.653 
4  655 
4.65 
4  65 
4.65 
4.653 


99.967 
99.886 
99.97  ' 
100.0  ; 
99.97 
99  964 


1.163 

1.166 

1.16 

1.16 

1.16 

1.163 


True  Value. 
Holbrook. . . 
Sullivan.  .  .  . 
Crandall. . . . 

Talbot 

Track  Com. 


300 
300 
300 
300 
300 
300 


9° 
9° 
9° 
9° 
9° 
9° 


2°59'58'' 

3°00'45'' 

3°00' 

3°00' 

3°00' 

2°59'58" 


299.682  299.272 

I 298.519 

299.73  299.32 
299,7  299.26 
299.67  299.26 
299.675  299.265 


15.681  149.820 
15.712  149.135 
15.69  149  87  ' 
15.68  149.9  ; 
15.68  149.88  ; 
15.681  149.813 


919 
955 
93 
92 
.91 
919 


True  Value. 
Holbrook. . . 
Sullivan.  .  .  . 
Crandall. . . . 

Talbot 

Track  Com. 


400 
400 
400 
400 
400 
400 


True  Value. 
Sullivan. . . . 
Crandall. . . . 

Talbot 

Track  Com. 


500 
500 
500 
500 
500 


10<^ 
10"^ 
10"^ 
10=^ 
10'= 


16° 
16° 
16° 
16° 
16° 
16° 


25° 
25° 
25° 
25° 
25° 


5°19'4S" 

5°24'11" 

5°20' 

5°19  8' 

5°20' 

5°19'48" 


398.642  396.919 

393  759 

398.69  396  97 
398  6  396.89 
398.62  ,396.89 
398.633  396.909 


37.031  199.348 
37.243  196.350 
37.04  197.57 
37.02  199  5 
37.04  199.48 
37.030  199.338 


9.264 

9.499 

9.26 

9.27 

9.28 

9.263 


8°19'14" 
8°20' 
8°19  2' 
8°19' 
8°19'13" 


495.834  490.615 
497.01     491 .76 
495.8      490.57 
495. 82    490.59 

495. 835  490.616 


71.753  248.165  18.003 
71.48    242.45    17.92 
71   73    248.4      18.05 
71.72    248.40    18.05 
71.750  248.166  18.000 


True  Value. 
CrandaD. . . . 

Talbot 

Track  Com. 


600  12"= 
600  12=^ 
600  I  12"= 
600      12' 


36° 
36° 
36° 
36° 


1 1  °57'39  . 5"  589  .  627  576  .  826  1 22  1 97  295  .  666  30  .  843 
11°57  5'        589.6      576.74    122  16    296  1       30.96 
11°58'  589.70    576.82    122.13    296.08    30.97 

11  °57'40'     ,589  .666^576  .863jl22 . 207 1 295 .703 1 30 .853 


The  above  comparison  shows  errors  of  3  ft.  in  Holbrook's  tables, 
several  of  more  than  a  foot  and  one  of  5.7  ft.  in  Sullivan's  tables, 
which  goes  to  show  that  the  properties  of  the  spiral,  which  Mr.  Sulli- 
van would  state  as  principles  in  lieu  of  formulas,  are  open  to  the  third 
objection  named  by  the  Track  Committee:  "They  are  roughly  approxi- 
mate and   not  mathematically  related  one  with   another." 

The  minor  differences  between  values  obtained  from  Talbot's  and 
Crandall's  carefully  worked-out  tables  show  the  difficulty  of  obtaining 
absolute  results  with  infinite-series  equations ;  and  while  the  differences 
are  unimportant  in  railroad  work,  they  are  greater  than  would  be 
tolerated    in    the    solution    of    ordinary    trigonometrical    problems ;    and 
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there  arc  very  few  transitnicn  or  computers  who  are  able  to  make  a 
new  and  tolerably  accurate  spiral  table  from  any  of  the  present  ac- 
cepted   fornndas    without    a    vast    amount    of    worry    and    trouble. 

Ihc  writer  does  not  believe  that  any  formulas  can  be  derived 
which  will  be  free  from  all  objections  named  by  the  Committee;  but 
the  formulas  proposed  by  the  Committee  are  free  from  the  endless- 
series  objection,  are  correct  to  the  utmost  limit  of  instrumental  ac- 
curacy if  the  v--ork  is  done  in  accordance  with  the  hypothesis  that  the 
spiral  is  made  up  of  ten  chords,  are  usually  more  accurate  than  for- 
mulas based  en  arc-measurement  if  the  work  is  done  without  regard 
to  chord-length,  the  (luantitics  have  exact  trigonometrical  relations  one 
to  another  and  the  formulas  are  less  complicated  and  easier  of  solu- 
tion  than    most    of    the   accepted    formulas. 

The  Track  Conunitlce's  formulas  are  >till  open  to  the  objection 
that  they  are  too  co.nplicated  for  IkKI  use,  hit  the  Connniltee  hopes 
to  submit  a  supplemental  series  of  empirical  formulas  for  that  pur- 
pose  which   will  be  both  accurate  and  convenient. 


REPORT   OF   COMMITTEE   NO.   Ill— ON   TIES. 

(Bulletin  108.) 
To  the  Members  of  the  American  Raihuay  Engineering  and  Maintenance 
of  Way  Association: 

Your  Committee  on  Ties  has  held  three  meetings  during  the  year, 
in  addition  to  meetings  of  the  sub-committees.  Meetings  of  the  General 
Committee  were  held  as  follows :  Washington,  D.  C,  May  22 ;  Atlantic 
City,  August  31 ;  Chicago,  November  23,  1908. 

The  following  members  attendetT  meetings  of  the  Committee :  E.  B. 
Cubhing,  Chairman ;  E.  G.  Ericson,  Vice-Chairman ;  J.  B.  Austin,  Jr., 
W.  F.  H.  Finkc,  E.E.  Hart,  E.  D.  Jackson,  A.  W.  Thompson,  Dr.  Her- 
mann Von  Schrenk. 

Sub-Comniittecs  were  appointed  as  follows : 

A — Compilation  of  Statistics:  J.  B.  Austin,  Jr.,  Chairman;  A.  W. 
Thompson,  F.  B.  Oren. 

B — Timber  Supply:  Dr.  Hermann  Von  Schrenk,  Chairman;  W.  F.  H. 
Finke,  E.  D.  Jackson. 

C — Metal  Tics:  E.  E.  Hart,  Chairm.in ;  E.  G.  Ericson,  W.  F.  H. 
Finke. 

The  followmg  subjects  were  assigned  to  your  Committee  by  the 
Board  of  Direction: 

(i)  Continue  the  compilation  of  statistics  upon  the  life  of  ties,  both 
treated  and  untreated,  and  the  causes  of  failure.  Present  summary  com- 
pilation of  reports  received  and  draw  such  conclusions  therefrom  as  the 
statistics  zvarrant  at  the  present  time. 

In  Appendix  A  the  Committee  submits  a  revision  of  the  blank  forms 
heretofore  adopted  by  the  Association  for  the  collection  of  tie  statistics. 
The  Committee  recommends  that  the  forms  now  appearing  in  the  Manual 
of  Recommended  Practice  be  withdrawn  and  the  new  forms  substituted. 

(2)  Prepare  critical  review  of  the  general  question  of  the  present 
and  ftiiure  status  of  the  tie  supply,  the  various  methods  heretofore 
adopted  for  reducing  the  yearly  demands  on  the  timber  supply,  and  zvhal 
general  lines  of  investigation  and  change  in  existing  methods  may  seem 
most  desirable  to  be  follozvcd  so  as  to  secure  the  best  results  in  the 
future. 

In  Appendi.x  B  your  Committee  presents  a  discussion  of  the  present 
status  of  the  tie  supply  question,  with  recommendations. 

(3)  Collect  statistics  on  the  extent  of  the  use  and  the  life  of  metal 
or  composite  ties  up  to  the  present  time,  with  illustrations  and  descrip- 
tions of  the  most  successful  designs,  and  drazv  "Such  conclusions  as  the 
conditions  may  xvarrant. 

489 


49^  TIES. 

The  Sub-Committee  having  the  foregoing  subject  in  charge  has 
inspected  the  various  devices  described  in  Appendix  C,  and  the  illustra- 
tions accompanying  the  report  have  been  taken  by  it  on  the  ground. 

CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  con- 
clusions : 

(i)     That   Forms    i,    i-A,    i-B,    i-C  and    l-D   be    withdrawn    from 

the  Manual  and  Forms  M.  W.  301,  M.  W.  302,  M.  W.  303,  M.  W.  304 

and  M.  W.  305   be  substituted. 

(2)     That     the    conclusions     in     reference     to     Timber     Supply     be 

approved. 

♦(3)     That  the  conclusions  of  the  Committee  in  reference  to  Metal 

and  Concrete  Ties  be  endorsed. 

Respectfully  submitted, 

E.  B.  CusHiNG,  Southern   Pacific  Company,  Houston,  Texas,   Chairman. 

E.  G.  Ericson,   Principal   Assistant   Engineer,   Northwest  System,   Penn- 
sylvania Lines,  Pittsburg,  Pa.,  V ice-Chairman. 

J.  B.  Austin,  Jr.,  Engineer  Maintenance  of  Way,  Long  Island  Railroad, 
Jamaica,  N.  Y. 

W.   F.    H.   FiNKE,   Tie   and   Timber   Agent,    Southern    Railway,   Wash- 
ington, D.  C. 

E.  E.  Hart,  Chief  Engineer,  New  York,  Chicago  &  St.  Louis  Railway, 
Cleveland,   O. 

E.  D.  Jackson,  Assistant   Engineer   Maintenance  of   Way,    Baltimore   & 

Ohio   Railroad,   Baltimore,   Md. 

F.  B.  Oren,  Roadmaster,  Illinois  Central  Railroad,  Nashville,  Tenn. 

H.   J.    Simmons,   General   Manager,    El   Paso   &   Southwestern   Railway 

System,  El  Paso,  Tex. 
A.   W.  Thompson,   Chief  Engineer   Maintenance   of  Way,   Baltimore   & 

Ohio   Railroad,    Baltimore,   Md. 
Dr.  Hermann  Von  Schrenk,  Supervisor  of  Timber  Preservation,  Rock 

Island,  Chicago  &  Eastern  Illinois,  and  Frisco   Railways,   St.  Louis, 

Mo. 

Committee. 


♦Amend  to  read:     "That  the  conclusions  of  the  Committee  In  reference  to 
Metal  and  Concrete  Ties  be  received  as  information." 


Appendix  A. 

COMPILATION    OF   STATISTICS. 

Your  Committee  was  instructed  by  the  Board  of  Direction  to  con- 
tinue the  compilation  of  statistics  on  the  life  of  ties,  both  treated  and 
untreated,   and   the   causes   of  failures. 

The  Association  adopted  at  the  Third  Annual  Convention  in  1902 
certain  forms  to  be  used  in  the  compilation  of  statistics.  The  forms 
were  sent  out  to  various  railroads,  but  no  general  reply  was  received 
to  them,  nor  has  sufficient  information  been  thus  collected  to  justify 
the  Committee  in  drawing  any  conclusions  as  requested  for  this  year's 
report. 

It  is  now  deemed  advisable  to  make  some  changes  in  the  blanks 
as  adopted  by  the  Association  in  order  that  the  destruction  between 
so-called  long  and  short  lived,  treated  and  untreated  ties  may  be 
clearly  brought  out,  together  with  further  information  it  is  thought 
desirable  to  collect. 

The  changes  in  the  new  blanks  and  reasons  therefor  are  as  follows: 

Form  I    (M.   W.  301). 

Column  4. — It  is  thought  that  the  word  "average"  is  misleading. 
This  report  it  is  hoped  will  be  made  out  annually,  and  therefore  the 
actual  ton  miles  per  year  can  be  given. 

Columns  25,  26  and  27. — It  is  considered  advisable  to  show  opposite 
each  class  of  wood  its  average  life  in  each  track,  rather  than  the  very 
general  information   onlj',    possible  with  the   old   form. 

Column  28. — This   information   is   given   in   columns   26.   29,   32    and 
in    form    302.     In    place    of    column    28    it    is    thought    that    information 
relative   to  climatic   conditions   would   be    of   value,    as    these    conditions 
have  a  material  bearing  on  the  life  of  ties. 
Form  I- A   (M.  W.  302). 

Unchanged  except  process  left  blank.' 
Form  i-B   (M.  W.  303). 

Remarks    in    regard   to    classification    of   ties    same    as    in    preceding 
cases.     By   omitting    printing    the   years,    the    reprinting    of   blanks    each 
year  will  be  dispensed  with. 
Form  i-C   (Af.  W.  304). 

This   blank   has    been   modified   slightly    to   provide    for    ail    treating 
processes. 
Form  I'D   (M.  W.  305). 

Changed  only  so  as  to  provide   for  treated  and  untreated  ties. 

The  Committee  therefore  recommends  the  adoption  of  blanks  as 
amended  and  that  they  be  distributed  among  the  railroads  annually, 
for  the  compilation  of  tie  statistics  that  will  be  of  great  value  to  all 
users  of  ties. 
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Form  M.  W.  303 


A.,  B.  &  C.  R.  R.  CO. 


Section    No. 


FOREMAN'S  TIE  REMOVAL  REPORT. 

Division Month  of 19  . .  , 


Removed  from  Main  Tracks. 

Removed  from  Side  Tracks. 

Year 
Putin. 

Kind  of 

Cause. 

Number 
Removed 

Year 
Put  in. 

Kind  of 

Removed 

Timber. 

Treat- 
ment.* 

Timber. 

Treatm'nt  * 

1 

! 

1 



! 

1 



1 

1 

1 



1 

! 

This  blank  must  be  sent  in  monthly  by  all  Foremen,  whether  any  ties  have  been 
removed  or  not.  When  no  ties  have  been  removed,  it  must  be  so  stated  on  the 
blank. 

After  approval  by it  is  to  be  forwarded  to 


Foreman. 
*NoTE.     When  untreated  ties  are  removed,  make  a  dash  ( — )  in  "Treatment"  column. 


CROSS-TIES    RECORDS. 
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Section    No. 


Form  M.  W.  30.1 
A.,   B.    &    C.    R.    R.    CO. 

FOREMAN'S  TIE  REMOVAL  REPORT. 
Division Month  of 19  . .  . 


Removed  from  Main  Tracks. 

Removed  from  Side  Tracks. 

Kind  of 

Cause. 

Number 
Removed 

• 

Year 
Put  in. 

Kind  of 

Removed 

Putin. 

Timber. 

Treat- 
ment.* 

Timber. 

Treatm'nt* 

' 

j 

j 

1 
1 

This  blank  must  be  sent  in  monthly  by  all  Foremen,  whether  any.ties  have  been 
removed  or  not.  When  no  ties  have  been  removed,  it  must  be  so  stated  on  the 
blank. 

After  approval  by it  is  to  be  forwarded  to 


Foreman. 
♦Note.     When  untreated  ties  are  removed,  make  a  da.sh  ( — )  in  "Treatment"  column. 


5   &  C,  R:  R.  OOl 


:iivisio> 

by    Dli-lstoD  and 


STATISTICS  or  CROSS-TIE  RENEWALS 


For  Year  Ending- 
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1 

12 
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14 
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10 

17 
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18 

19 

TlPi  Delivered 
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h 


•  Total  coal  of  Tie 
Ranowala   per 

Mile  of  Track 


=1 


ATeraga  Life,  aaes  of  Wood  and 
Coatof  CiOM-Ttes. 


Main  Track* 
TI?i" 


Uiaia  I   cost 


Side  Tracka 


Porm  H.  W.  301 
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COMPARISON  BETWEEN  DIFFERENT  KINDS  OF  WOOD 


For  Year  Ending- 
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Form  M.  W.  302 
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A.  B.  &  C.  R.  R.  CO. 
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be  tabulated  for  Kveial  £HvisioDs  or  Rwlroadji.     It  must  be  presented  lor  each  neparately.  but  will  only  be  pnnted  when  considered  sufficiently 
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t  win  be  a  valuable  blank  t 


lank  should  be  returned  to  the  Secretary  marked  "No  Data."     In 
't  furnishes  the  data  for  columns  26  to  33  of  Form  1. 
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Appendix  B. 
TIMBER   SUPPLY. 

The  Sub-Committee  on  Forest  Supplies  has  during  the  past  year 
devoted  its  attention  principally  to  investigating  policies  which  could 
be  followed  at  this  time  to  encourage  the  more  economical  uses  of 
the  timber  supplies  still  on  hand.  This  problem  is  such  a  large  one 
that  it  has  not  been  thought  desirable  to  make  more  than  a  progress 
report. 

It  has  been  found  that  the  most  important  need  for  most  of  the 
railroads  at  this  time  is  definite  technical  information.  It  is  not  suffi- 
cient to  know  that  timber  supplies  are  being  exhausted,  but  one  should 
also  know  exactly  what  these  supplies  are,  and  what  the  rate  of 
exhaustion  is,  and  what  the  probable  rate  of  re-growth  is  in  any 
particular  region  upon  which  that  particular  road  is  depending.  Your 
Committee  feels  very  strongly  that  one  of  the  most  important  steps 
which  the  various  individual  roads  could  take  would  consist  in  the 
appointment  of  technical  men  in  connection  with  their  timber  depart- 
ments to  study  this  problem  with  the  greatest  care.  The  need  of 
such  investigation  is  being  universally  felt,  and  has  manifested  itself 
during  the  last  year  in  very  striking  form,  as  shown  by  the  two 
meetings  of  the  Governors  of  the  various  States,  called  by  the  Presi- 
dent in  May  and  December,  in  Washington,  D.  C.  While  the  general 
results  of  these  conferences  were  largely  of  an  educational  nature,  it 
was  nevertheless  very  evident  from  the  expressions  of  the  various 
speakers  at  these  conferences,  that  the  problem  of  a  probable  adequate 
timber  supply  would  be  determined  entirely  by  definite,  practical  co- 
operation between  the  individuals  owning  the  timberlands  and  the  State 
and  National  Governments.  At  these  sessions  it  was  pointed  out  that 
it  would  be  necessary  for  the  State  and  National  Governments  to 
adopt  such  measures  and  enact  such  laws  as  would  tend  to  encourage 
the  owners  of  timberlands  to  develop  them,  with  a  view  toward  future 
forest  reproduction.  It  was  pointed  out  that  the  question  of  taxation 
of  these  timberlands  was  the  most  important  one  in  this  connection. 
Under  the  system  of  taxation  existing  in  most  of  the  States  it  is  prac- 
tically impossible  for  the  owners  of  timberlands  to  do  anything  else 
than  to  cut  the  timber,  irrespective  of  its  future  possibilities.  It  was 
with  this  realization  that  the  National  Conservation  Committee  made 
the    following   statement : 

"We  tax  our  forests  under  the  general  property  tax,  a  method 
of   taxation    abandoned    lon^    ago   by    every    great    nation.     Present    tax 
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laws  invite  destructive  logging  and  prevent  the  restoration  of  cut-over 
lands.  The  true  remedy  for  excessive  forest  taxation  lies  not  in  special 
exception  nor  in  laxity  in  the  application  of  existing  laws,  but  in  a 
change  in  the  method  of  taxation.  An  annual  tax  on  the  land  itself, 
exclusive  of  the  timber,  and  a  tax  on  the  timber  when  cut,  is  well 
suited  to  the  conditions  of  forest  investment,  and  is  practicable  and 
certain.  It  is  better  that  the  forest  should  pay  a  moderate  tax  per- 
manently than  that  it  should  pay  an  excessive  tax  temporarily  and 
then  cease  to  yield  at  all." 

As  working  conclusions,  your  Committee  can  simply  repeat  some 
of  the  recommendations  made  in  its  report  last  year,  and  urge  their 
immediate   consideration : 

*(i)     Use    chemically    treated    ties    wherever    possible. 

t(2).  Protect  such  treated  ties  against  mechanical  wear  by  means 
of   tieplates,   screw-spikes,   etc. 

tis)  Enforce  the  tie  specifications  rigidly  with  particular  refer- 
ence to  the   rigid  exclusion   of   small   ties. 

(4)  Co-operation  among  the  roads  in  any  given  territory,  looking 
toward  the  adoption  of  standard  tie  specifications,  with  particular 
reference  to  making  it  impossible  for  contractors  to  furnish  ties  cut 
from  small  trees,  which  would  naturally  form  sources  for  future  tie 
supplies. 

(5)  Adopt    measures    for    reducing    forest    fires. 

(6)  Encourage  the  owners  to  re-forest  their  lands  either  by 
re-planting   or   natural   reproduction. 

(7)  Use  the  proper  means  to  aid  and  assist  in  the  investiga- 
tion of  tax  laws  as  far  as  they  pertain  to  forest  lands  with  a 
view  to  having  legislation  enacted  which  would  make  it  possible  to 
hold  lands  with  growing  timber  for  the  purpose  of  future  tie  pro- 
duction. 


♦Change  word  "possible"  to  "practicable." 

tAmend  to  read:     "Protect  all  ties  against  failure  from  mechanical  wear," 

jOmit  word  "rigid"  in  second  line. 


Appendix  C. 
METAL   AND    COMPOSITE   TIES. 

The  subject  of  "collection  of  statistics  in  regard  to  the  use  and  life 
of  metal  and  composite  ties,  with  descriptions,  and  illustrations  of  the 
most  successful  designs,  and  conclusions  drawn  therefrom,"  was 
assigned  to  a  Sub-Committee  composed  of  E.  E.  Hart,  Chairman;  E.  G. 
Ericson  and  W.  F,  H.  Finke.  The  Sub-Committee  has  inspected  the 
various  devices  described  below,  and  the  illustrations  have  been  taken 
by  it  on  the  ground. 

"A"— STEEL  TIES. 

CARNEGIE    STEEL    TIES     (bUHRER    PATENT). 


Fig.  I  shows  in  a  general  way  this  form  of  tie.  There  are  approxi- 
mately 1,200,000  steel  ties  of  the  Carnegie  type,  Buhrer  Patent,  in  use 
throughout  the  country.  As  far  as  we  have  observed  this  tie  it  has 
fulfilled  the  requirements  of  a  first-class  tie,  meeting  the  requirements 
fully  as  to  gage,  surface,  level  and  alinement,  where  good  ballast  was 
in  use. 
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Buffalo,  Rochester  &  Piltsburg  Railroad. 

E.  F.  Robinson,  Chief  Engineer,  advises  that  they  have  3,000  of 
the  Carnegie  Steel  Ties  in  use,  1,500  at  Colden,  N.  Y.,  and  1,500  at 
Ridgway,  Pa.  The  track  at  Colden  is  ballasted  with  stone  and  at 
Ridgway  with  hard  slag.  So  far  these  ties  have  given  good  service. 
He  further  states  that  at  first  they  had  some  trouble  with  the  fasten- 
ings, when  cinders  were  used  for  ballast,  but  since  this  ballast  has 
been   replaced   with   slag  the    fastenings   have   not   given   any   trouble. 

So  far  as  could  be  determined  by  the  Committee,  the  steel  tie  gives 
a  more  solid  and  quiet  track  than  the  wood  tie,  due  to  the  rigid  fasten- 
ing of  rail  to  the  tie.  Apparently  there  is  less  vertical  movement  of 
track  on  the  steel  tic  than  on  the  wood.  The  Roadmaster  stated  that 
the  cost  of  surfacing  and  lining  was  practically  the  same  as  for  wood 
ties. 

Bessemer  &  Lake  Eric  Railroad. 


Fig. 


Fig.  2  shows  the  steel  ties  in  use  on  a  sharp  curve  east  of  Con- 
neaut,  Ohio,  the  ballast  being  only  partly  fi'led  in.  Gage,  alinement  and 
level  were  good,  as  will  be  noted  from  the  above  illustration.  The 
track  men  express  a  preference  for  the  steel  tie,  claiming  that  with  the 
steel  tie  track  is  easier  to  maintain  than  with  wood  ties. 
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Fig.  3- 


FiG.  4. 
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Fig.  3  shows  the  insulated  tie  now  in  use  on  the  Bessemer  & 
Lake  Erie  Railroad.  The  insulated  tie  is  made  by  placing  a  piece  of 
fiber  on  the  steel  tie  and  then  firmly  riveting  a  steel  plate  over  the 
top  of  the  fiber  for  the  rail  to  rest  on.  This  is  intended  to  stop  all 
wear  on  the  fiber. 

The  insulated  ties,  just  east  of  Conneaut,  Ohio,  have  only  recently 
been  put  into  the  track.  As  to  length  of  time  the  fiber  plate  will  last, 
that  has  not  as  yet  been  determined,  but  the  tie  gives  the  appearance 
of  meeting  the  requirements  as  to  insulation. 

Fig.  4  shows  the  effect  of  three  derailments,  which  in  this  case 
merely  bent  down  the  upper  flange  of  the  ties  and  in  no  way  injured 
their  usefulness  as  a  tie.  So  far  as  the  Committee  was  able  to  learn 
the  steel  ties  give  a  stronger  track  than  the  wood  tie  and  spike.  Bolts 
and  clamps  holding  rail  were  tight  in  most  cases,  and  seemed  to  be 
holding  the  ties  firmly  to  rail. 


Fig,  5. 

Fig.   5    shows   the   ties    used   in   open   track   on    construction    work. 

The  Committee  also  saw  them  in  use  on  trestles  where  filling  was  being 

done.    Mr,  Layng,  of  the  Bessemer  road,  claims  that  his  men  use  very 

little  more  time  in  laying  the   steel  ties   than   they  do  in  laying   wood. 
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Fia  6. 


Fig.  7. 
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Fig.  6  shows  steel  ties  used  as  switchties,  the  ties  being  lapped. 
Eight  and  one-half  foot  ties  are  used  in  this  case. 

Fig.  7  shows  the  steel  and  wood  ties  mixed.  It  seems  to  be  the 
practice  on  the  Bessemer  road  when  a  wood  tie  fails,  to  replace  it  with 
a  steel  tie.  The  Committee  also  saw  on  curves  that  steel  ties  had 
been  sandwiched  in  for  the  purpose  of  holding  the  track  to  gage,  where 
ballast  was  poor  and  tracks  were  sliding  and  spreading.  The  Bessemer 
road  claims  that  by  using  steel  ties  this  trouble  can  be  stopped  and 
good  gage  maintained  until  such  a  time  as  they  can  entirely  replace 
the  old   wooden   ties   with   the   Carnegie    Steel   Ties. 
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Fig.  8  shows  a  steel  tie  taken  from  the  track  that  had  been  in 
service  four  years.  Very  little  rust  was  found  on  the  web  of  the  tie. 
The  bottom  flange  of  this  tie  showed  very  little  corrosion.  There  were 
no  signs  whatever  of  the  tie  failing  in  any  respect.  Mr.  Layng  also 
stated  that  the  cutting  of  slots  or  holes  in  the  web  of  the  tie  had  been 
abandoned,  as  they  found  that  with  slag  or  stone  ballast  the  holes  with 
the  web  turned  out  were  not  necessary  in  order  to  keep  the  track  from 
sliding  sideways. 


Fig.  9. 

Fig.  9  is  a  photograph  of  the  same  tie  showing  the  upper  face 
where  the  base  of  rail  rests.  The  tie  seemed  to  be  smooth  under  the 
rail  and  showed  very  little  wear,  if  any.  The  wear  could  barely  be 
felt  when  passing  the  hand  over  the  tie.  Bolts  and  clips  showed  very 
little  wear. 

Providing  the  wear  in  years  to  come  is  no  greater  in  proportion 
than  it  has  been  during  the  past  four  years,  the  tie  will  be  good  for 
25  or  30  years.  The  Committee  observed  the  fastenings  very  closely, 
bolts,  angle  bars,  clips,  and  in  fact  all  parts  of  the  steel  tie  track,  and 
reached  the  conclusion  that  first-class  track  can  be  maintained  with 
the  present  form  of  Carnegie  Steel  Tie  and  fastening.  The  track 
foremen  advised  us  that  after  the  bolts  were  tight  and  nuts  set  they 
had  no  further  trouble  with  the_  gage  or  fastenings.  They  also  stated 
that  when  new  track  was  laid,  'the  bolts  holding  the  clips  had  to  be 
tightened  once  or  twice  after  track  was  laid  before  they  took  a 
tight  set. 

Fig.  10  is  a  general  view  of  insulated  steel  ties  in  track,  which  is 
typical  of  all   the   steel  tie   track   on  the   Bessemer  road. 

Fig.  II  is  another  general  view  of  the  steel  ties  on  curve  on  th? 
Bessemer  road,  showing  good  conditions  as  to  line  and  gage. 
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Pig,  10. 


Fig.  II. 
New  York  Central  &  Hudson  River  Railroad 

near^rl"H.r'  "v 'v^  ^^'T^'^  ^'"'^  ^'"  ^''^  '^'^  '"  '^'^  ^^^^  track 
near  Castleton,  N.  Y..  m  the  year  1904.    Early  in   1907  this  track  was 
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turned  into  a  siding  or  freight  track,  and  it  is  evident  since  that  time 
nothing  has  been  done  to  the  track  in  the  way  of  keeping  it  in  line 
and  surface,  or  in  keeping  the  bolts  tight.  No  reliable  data  as  to  the 
use  and  life  of  these  ties  could  be  had.  Very  little  loss  of  cross-section 
by  rust  was  in  evidence. 

Pitsburg  &  Lake  Erie  Railroad. 

Two  types  of  steel  ties  of  the  Carnegie  design  are  used  on  this 
road.  One  with  the  regular  Carnegie  clip  fastening,  and  one  on  which 
the  rail  is  fastened  to  the  ties  by  means  ,  of  a  clip  and  web. 


Fig.  12. 
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Fig.  12  shows  the  Carnegie  Steel  Tics  in  the  Pittsburg  &  Lake 
Erie  tracks  at  Pittsburg.  Three  thousand  of  these  ties  were  placed 
in  their  No.  3  low-speed  freight  track  at  McKees  Rocks  during  Sep- 
tember, 1907.  These  ties  are  of  the  regular  type  with  a  clip  and  bolt 
fastening,  and  a  fiber  plate  for  insulation  placed  on  top  of  the  tic, 
with  rail  bearing  directly  on  the  fiber.  The  electric  circuits  have  been 
maintained  with  no  special  trouble.  The  track  is  in  good  gage,  line 
and  surface.  The  Committee  is  advised  that  the  track  with  steel  ties 
is  kept  in  surface  and  line  willi  the  same  amount  of  labor  as  the  track 
with    wooden    cross-ties. 


> 
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Figs.  1,3  and  14  show  the  Canicgic  Steel  Tie  with  the  wedge  fas- 
tener. These  ties  have  been  in  the  track  only  a  short  time  and  sliould 
be   looked   up   and    reported   on    ne.xl   year. 

Union   Railroad    (of   Pittsburg). 

Five  thousand  Carnegie  Steel  Tics  with  the  wedge  fastening  above 
described   were   put   into   tlic   track   during   the    fall   of   1908. 

Baltimore  &  Ohio  Railroad. 

During  Nnvember,  igo6,  one  mile  of  steel  ties  were  laid  on  the  old 
main  line  east  of  Marriotlsville,  Md. 
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In  June,  1908,  one  mile  of  oak  ties  were  put  in  for  comparison 
and  at  that  time  both  stretches  of  ties  were  fully  ballasted  with  stone. 
The  alinenient  is  about  62  per  cent,  curve,  maximum  curvature  bein- 
9  30'.  Grade  .03  per  cent.  Traffic  is  in  one  direction  only,  down 
grade,  and  extremely  heavy. 

The  result  so  far,  as  reported  by  the  Baltimore  &  Ohio  people,  is 
m   favor  of  the   wooden   tie. 

Pennsylvania  Lines  West  of  Pittsburg. 

Seitz  Iron  Tie.~{¥\g.  15).  Forty-nine  of  these  ties  were  put  in 
mam  track  during  October,  1904,  at  Emsworth,  Pa.,  on  the  Pennsyl- 
vania Lmes  West  of  Pittsburg.  In  April,  1905,  thirteen  of  these  were 
removed  on  account  of  being  broken  under  the  rail,  and  the  rest  were 
removed   in   September,    1905,    for   the   same   reason. 


"^^am^ 
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Fig.  14. 

Ha}tsen  Tie  (Fig.  16)  (Made  by  the  Standard  Steel  Car  Co ) - 
Five  hundred  of  these  ties  were  placed  in  the  track  July,  1905,  near 
Emsworth,  Pa.,  on  Pennsylvania  Lines  West  of  Pittsburg.  A  great 
deal  of  trouble  was  experienced  with  the  insulation,  also  from  the  ties 
shdmg  transversely  and  longitudinally  through  the  stone  ballast  and 
the  ties  were  in  consequence  removed  from  the  main  track  in  Novem- 
ber, 190S,  and  placed  in  a  passing  siding,  where  they  are  still  m  service 
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Fig.  15. 
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Fig.  17. 


Fig.  17-a, 
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Bouton  Steel  Tie  (Fig.  17). — Eighteen  of  these  were  placed  in  the 
track  of  the  Baltimore  &  Ohio  Railroad  near  Akron,  Ohio.  They  are 
reported   to  have  given  good  service. 

Fig.  17-a  shows  the  Snyder  Steel  Tie  in  the  Conemaugh  yards 
on  the  Pennsylvania  Railroad.  There  is  also  about  one  mile  of  these 
ties  in  use  at  Derry,  Pa.,  on  the  Pennsylvania  Railroad,  none  of  them 
being  in  the  main  tracks.  The  standard  type  of  the  Snyder  tie  con- 
sists of  a  steel  shell  -h  in.  thick,  8  ft.  long,  7  in.  wide,  7  in.  deep, 
and  with  the  bottom  open.  The  interior  of  the  shell  is  filled  with  a 
mixture  of  asphalt  and  crushed  stone.  This  tie  was  patented  three 
years  ago  by  John  Snyder. 

The  ties  at  Conemaugh  and  Derry,  Pa.,  have  now  been  in  use 
about   one   year. 
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Fig.  17-b. 
Fig.    17-b  is   a   side   view   of   the    Snyder   tic,   showing   two    styles   of 
rail    fastenings    or    clips.     The    main    feature    in    the    clips    is    that    they 
bear   directly   against  the   web   of   the   rail   and  have   no   shoulder  against 
flange  of  rail. 


Fig.  17-C. 

Fig.   17-C   shows   the   top   of  the    Snyder   tie   with   one    rail   and   one 

clip    removed.     The    clips,    bolt    and    washer    show    all    the    fastenings. 

The    diagonal    slot    is    shown   plainly,    which    permits    of    narrowing    or 

widening   the    gage    slightly.     The    tenon    or    lug    on    the    clip    (marked 
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"4A"  engages  the  tie  in  the  diagonal  slot  and  any  side  thrust  is  thus 
transmitted  directly  to  the  tie  through  the  clip  and  does  not  bring  the 
bolt  into  shear,  as  the  end  of  the  clip  rests  against  web  of  rail. 


Fig.  17-d. 

Fig.  17-d  shows  the  bottom  of  the  Snyder  tie,  with  asphalt  and 
stone  filling  coming  in  direct  contact   with  the  ballast. 

So  far  the  Snyder  tie  has  given  very  satisfactory  service  in  the 
yard   tracks  of  the   Pennsylvania  Railroad   at   Conemaugh   and   Derry. 


Fig.  18. 
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"B"— COMBINED    WOOD   AND    STEEL   TIE. 

Fig.  i8  shows  the  fourth  or  freight  track  of  the  Lake  Shore  &  Michi- 
gan Southern  Railroad,  east  of  Toledo,  tied  with  the  Buhrer  com- 
bined steel  and  wood  tie.  Early  in  1907  the  Carnegie  Steel  Ties  on 
the  Lake  Shore  &  Michigan  Southern  Railroad  were  removed  from 
the  high-speed  track.  To  care  for  the  insulation  the  top  flange  of  the 
tie  was  cut  off  and  two  wooden  blocks  bolted  to  the  web  of  the  tie 
for  spiking  strips  and  for  the  rail  to  rest  on.  These  strips  also  rest  on 
the  bottom   flange   of   the  steel   tie.     Track   was   in   good   condition. 

"C"— CONCRETE    TIES. 

Lake  Shore  &  Michigan  Southern  Railroad. 

Buhrer  Concrete  Tie. — Fig.  19  shows  the  Buhrer  Concrete  Ties  in 
use  on  a  nine-degree  curve,  located  on  the  Cedar  Point  Pier  branch 
at   Sandusky,   Ohio.     About  one  mile   of  these   were   laid   in    1904.     The 


Fig.  I9._ 


illustration  indicates  that  the  track  is  in  first-class  condition  as  to  sur- 
face, gage,  level  and  line.  Clips,  bolts,  etc.,  were  tight  and  the  track 
foreman   stated   that  they  gave  him   much  less   trouble   than   the   wood 
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Fig     20. 


Fig.   21. 
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ties.  There  were  no  renewals  up  to  September,  1908.  The  track  is 
used  for  freight  and  excursion  traffic.  Heavy  passenger  engines  use 
this  track  during  the  summer  months.  The  track  is  ballasted  with 
cinders. 

Fig.  20  shows  the  Buhrer  Concrete  Ties  and  wood  ties  mixed  on 
the  Sandusky  Water  Works  track.  These  have  been  in  the  track  five 
years.  Selected  oak  ties  were  laid  at  the  same  time  the  concrete  ties 
were  put  in.  At  the  present  time  fully  one-third  of  the  oak  ties  should 
be  removed  as  they  are  badly  decayed.  The  concrete  ties  are  in  first- 
class  condition.  Both  the  concrete  and  wood  ties  were  ballasted  with 
cinders. 

Fig.  21  shows  the  face  of  a  Buhrer  Tie  that  had  been  in  the 
above  track  five  years.  The  top  of  the  tie  is  very  little,  if  any,  rusted 
and  the  rail  bearing  shows  scarcely  any  wear.  Under  the  clip  a  little 
more  rust  was  found ;  concrete  was  in  perfect  condition  and  showed 
no  signs  of  cracking. 


Fig.  22. 

Fig.  22  shows  the  bottom  or  bearing  surface  of  the  above  tie ; 
also  how  the  concrete  is  left  out  at  center,  which  provides  against  side 
motion. 

Fig.  23  is  a  side  view  of  the  above  tie. 

Pennsylvania  Lines  West  of  Pittsburg. 

Fig.  24.  About  600  of  the  Buhrer  Concrete  Ties  were  used  on  the 
Northwest  System  during  1903  and  1904,  in  stone  ballast.  Nearly  500 
of  these  ties  were  subjected  to  heavy  and  high-speed  traffic,  and  the 
balance   to   medium   traffic. 

The  ties  failed  under  traffic.    The  concrete  breaking  and  crumbling 
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off    from    the    reinforcement.     The    ties    were    removed     from    time     to 
time   and   by   December,    1906,    all   of   these    ties    had    been    removed    on 
account  of  breaking. 
Chicago  Junction  Railway. 

The  Chicago  Junction  people  state  that  they  put  19  Buhrer  Ties 
into  their  track  in  1904,  and  that  they  were  removed  after  a  few 
months'   service   on   account   of  breaking. 


Fig.   23. 
Lake  Erie  &  Western  Railroad. 

Twenty-four   Buhrer    Concrete   Ties   were   put   into   the   track   of   the 
Lake   Erie  &   Western   Railroad    during  August,    1903.     Seven   ties   have 
been   removed  on  account  of  breaking.     Ties   laid   in  gravel  ballast. 
Chicago    &    Northwestern    Railway. 

Fifteen  Buhrer  Ties  were  put  into  Northwestern's  north  main  track 
at  Allis  Station,  Milwaukee,  during  August,  1902.  These  ties  reported 
to  be  still  in  service  and  apparently  in  good  condition. 

"D"— KIiMBALL  TIE. 
Fig.  25,  62  of  these  ties  were  put  into  the  Chicago  &  Alton  Rail- 
way's track  (south  bound)  near  Lockport,  111.,  during  October,  1905. 
Fig.  25  shows  the  ties  in  the  track.  The  track  was  found  to  be  in 
good  condition,  but  several  of  the  ties  were  cracked.  Up  to  the  present 
time  they  have  given  good  service,  holding  the  track  to  line  and  gage. 


Fig.  2S. 
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Fig.  26. 
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Eight  of  these  ties  had  been  removed  on  account  of  being  badly 
cracked.  Of  the  remaining  ties  the  Committee  found  four  ties  with 
longitudinal  cracks  under  the  west  rail.  Under  the  east  rail  four 
were  cracked  longitudinally.  The  Committee  .also  found  cross  cracks 
under  the  west  and  east  rail,  as  follows :  15  ties  were  cracked  cross- 
wise under  west  rail,  and  17  under  east  rail.  To  try  and  deter- 
mine the  cause  of  the  cracked  ties,  the  Committee  took  out  two 
ties  and  removed  the  spiking  block  "A,"  Fig.  25,  from  several  more 
ties.  In  every  case  we  found  that  the  plug  in  concrete  had  not  been 
bored  to  receive  the  spike,  and  that  in  many  cases  the  spike  had  par- 
tially or  entirely  missed  the  spiking  plug,  having  been  driven  into  the 
concr.ete. 

Fig.  26  shows  a  tie  in  first-class  condition  taken  from  the  track. 
In  this  tie  the  spikes  entered  the  spiking  plug  at  "B"  and  "C."  Ties 
were  not  rusted  to  any  extent  in  the  center  of  the  track  between  con- 
crete  ends. 


Fro.  27. 


Fig.  27  shows  a  longitudinal  crack  at  "A."  This  was  the  worst 
tie  the  Committee  could  pick  out.  When  we  took  off  the  spiking  block, 
we  found  the  spike  had  been  driven  into  the  concrete. 

The  New  York,  Chicago  &  St.  Louis  Railroad  has  six  of  these  ties 
in  the  main  track  and  so  f=ir  they  have  given  good  service.  The  failure 
of  the  ties  at  Lockport,  in  our  minds,  is  due  partly  to  application. 
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TIES. 
"E"— PERCIVAL    CONCRETE    TIE. 


Figs.  28  and  29  sliow  the  Percival  Concrete  Ties  which  were  in  use 
on   the   Pittsburg  &   Lake   Erie    Railroad,   for   something   less    than    two 


Fig.  28. 


years.  They  were  removed  from  the  track  during  the  summer  of 
1908,  for  the  reason  that  the  ties  failed.  The  above  figures  illustrate 
very  plainly  how  and  where  these  ties  failed. 
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"G"— AFFLECK    CONCRETE    STEEL    TIE. 

This  is  a  reinforced  concrete  tie,  6x8  in.,  the  reinforcement  con- 
sisting of  a  three-inch  I-beam.  One  hundred  of  these  ties  were  placed 
in  the  main  track  near  Emsworth,  Pa.,  on  the  Pennsylvania  Lines 
West  of  Pittsburg  during  October,  1904.  These  ties  commenced  to 
break  almost  immediately  after  hiving  been  put  in  the  track ;  broken 
ties  were  removed  from  time  to  time,  so  that  by  April,  1905,  none 
remained   on    account   of   being   broken. 

"H"— CHENOWETH    CONCRETE   TIE. 

This  is  a  reinforced  concrete  tie,  the  reinforcement  consisting  of 
a  spiral  roll  of  expanded  metal.  One  hundred  and  one  of  these  ties 
were  put  in  track  for  a  switching  lead  in  Scully  Yard,  Pennsylvania 
Lines  West  of  Pittsburg  during  December,  1906.  The  track  was  bal- 
lasted with  cinders.  Traffic  is  heavy  with  slow  speed.  Four  ties  re- 
moved prior  to  January,  1908,  on  account  of  crumbling  under  the  rail. 
Of  the  97  ties  still  in  track  12  are  crushed  under  the  rail,  9  cracked 
near  the  rail  and    13  cracked  near  the  center  of  the  tie. 

"I"— KEEPER   REINFORCED   CONCRETE    TIE. 

Reinforcement  consists  of  a  number  of  steel  rods.  Forty-four  of 
these  ties  were  placed  in  No.  5  track,  Scully  Yard,  on  the  Pennsylvania 
Lines  West  of  Pittsburg  during  December,  1905.  They  commenced  to 
break  shortly  after  being  put  in  and  were  removed  as  fast  as  they 
broke,  so  that  l)y  June,  1906,  all  had  been  removed  on  account  of 
breakage. 

"j"_HICKEY    CONCRETE    TIES. 

These  are  built  somewhat  on  the  same  lines  as  the  Buhrer  Tie,  the 
reinforcement  consisting  of  an  old  rail;  19  of  them  were  placed  in 
track  on  the  Michigan  Central  Railroad  some  years  ago.  The  Michi- 
gan Central  people  state  that  the  ties  were  removed  after  two  or  three 
years'   service  on  account  of  breaking. 

"K"— THE  ALFRED  CONCRETE  TIE. 

About  100  of  these  ties  were  put  in  a  freight  track  on  the  Pere 
Marquette  Railroad  in  1904.  The  Pere  Marquette  people  report  that 
ten  of  these  ties  were  removed  in  1908  on  account  of  being  broken 
under  the  rail. 

"L"- SUNDRY    OTHER    FORMS. 

Other  forms  of  reinforced  concrete  ties  have  been  tried  with 
similar   results   as   with   the   Keefer   ties. 
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CONCLUSIONS. 

The  Committee's  conclusions  are  as  follows : 

"A"—Steel     Tie. 

*An  improved  form  of  steel  tie,  as  shown  by  Fig.  i,  of  the  type 
manufactured  by  the  Carnegie  Steel  Company,  with  metal  plate  over 
the  insulating  fiber,  and  with  the  wedge  clip  rail  fastenings,  seems  to  be 
very  promising.  Experiments  with  the  same  should  be  extended,  and 
results  carefully  watched  and  reported  to  the  Association. 

"B" — Reinforced  Concrete  Tie. 

(2)  The  Committee  concludes  that  no  form  of  reinforced  concrete 
tie  has  been  made  which  is  suitable  for  heavy  and  high-speed  traffic,  but 
believes  a  properly  reinforced  concrete  tie,  with  proper  fastenings,  may 
be  found  economical  in  places  where  speed  is  slow,  and  where  condi- 
tions are  especially  adverse  to  life  of  wood  or  metal. 

♦Amend  to  read;  "Experiments  with  tiie  steel  tie  should  be  extended 
and   results  carefully   watched   and   reported   to  the   Association." 


DISCUSSION. 

The  President : — In  the  absence  of  the  chairman  and  vice-chair- 
man of  the  Committee,  Mr.  A.  W.  Thompson,  of  the  Baltimore  & 
Ohio,   will  present  the   report   of  the   Committee. 

(Mr.  A.  W.  Thompson  (Baltimore  &  Ohio)  : — The  report  of  the 
Committee  on  Ties  is  given  in  Bulletin  io8,  under  three  headings, 
namely,  Compilation  of  Statistics,  Timber  Supply,  and  Metal  Ties.  I 
would  suggest  that  the  first  subject,  Compilation  of  Statistics,  be 
taken  up,  and  that  the  forms  be  carefully  considered.  In  sending  out 
proposed  forms  by  the  Sub-Committee  and  asking  for  suggestions,  there 
were  a  great  many  different  opinions,  and  these  forms  are  a  compromise. 
If  they  are  adopted  they  would  stand  for  a  long  time,  as  the  data  will 
be  collected  in  accordance  with  the  forms  from  which  we  will 
draw  conclusions.  If  the  forms  are  changed  after  some  data  are  col- 
lected it  will  mean  going  back  over  the  records  and  doing  a  great  deal 
of  work.  If  the  forms  are  approved  as  recommended  by  the  Committee, 
I  think  we  should  be  prepared  to  hold  the  forms  for  a  number  of 
years,   even  though   some   discussion   comes   up  as   to   proposed    changes. 

The  Secretary: — "Your  Committee  recommends  that  Forms  i, 
I -A,  i-B,  i-C  and  i-D  be  withdrawn  from  the  Manual  and  Forms 
M.  W.  301,  M.  W.  302,  M.  W.  303,  M.  W.  304  and  M.  W.  305  be 
substituted." 

Mr.  L.  C.  Fritch  (Illinois  Central)  : — I  would  suggest  to  the 
Committee  that  Form  M.  W.  303,  in  the  column  marked  "siding," 
be  made  "side,"  to  be  consistent  with  the  other  forms.  "Siding" 
usually  means  a  parallel  track  to  the  main  track,  used  as  a  passing 
track.  "Side"  would  conform  to  the  other  forms.  That  is  simply  a 
suggestion. 

The    President: — The    Committee    accepts    that    suggestion. 

Mr.  Fritch : — I  notice  in  Form  M.  W.  304,  Statistics  of  Treated 
Ties,  that  there  is  no  column  provided  for  oak.  It  is  common  to 
treat  some  classes  of  oak.  I  suppose  that  the  blank  column  might 
be   used   for  that   if  necessary. 

Mr.  Thompson : — The  two  blank  columns  were  left  for  that  pur- 
pose. We  thought  first  of  putting  in  one  of  the  columns  inferior  oaks, 
having  in  mind  red  oak  and  some  of  that  class.  We  also  thought 
that  with  two  blank  columns  and  the  columns  headed  as  shown  on 
the  form,   we  should  cover  all   the  timber   that  would   be   treated. 

The  Secretary : — "That  the  conclusions  of  the  Committee  in  refer- 
ence to  Timber  Supply   be   approved." 

iMr.   Fritch : — I    would  suggest  that   the   Committee's   recommenda- 
tion on  that  subject  be  read  item  by  item. 

The  Secretary: — "(a)  Use  chemically  treated  ties  wherever  possi- 
ble." 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — I  would  suggest  that 
the  word  "possible"  be  changed  to  "practicable."  The  matter  of  cost 
enters  into  the  subject  as  to  whether  ties  should  be  treated  or  not. 
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The   President : — The   Committee   will   accept   that   change. 

The  Secretary: — "(b)  Protect  such  treated  ties  against  mechanical 
wear   by  means   of   tic   plates,    screw   spikes,   etc." 

Mr.  Fritch : — I  would  suggest  that  all  ties  should  be  treated 
in  the  same  way,  tliat  is,  they  should  be  protected  in  the  same  way; 
that  the  word  "treated"  ought  to  he  omitted — "protect  ties  against 
mechanical   wear   by   means   of   tie   plates,   etc." 

The    President: — You    wuuld    omit    the    two    words    "screw    spikes"? 

Mr.  Fritch:— Yes. 

Mr.  Thompson : — The  reason  "treated  ties"  were  specified  was 
on  account  of  putting  money  into  treatment,  it  was  thought  that 
everything  possible  should  be  done  to  further  the  life  of  the  ties. 
In  some  parts  of  the  country,  where  timber  is  chea4)  at  the  present 
time,  it  would  not  pay  to  pait  on  tie  plates,  particularly  on  lines  of 
light   traffic. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  :— 
Do  I  understand  that  the  adoption  of  conclusion  2  carries  with  it 
the  recommendation  of  this  Association  that  all  ties  are  to  be  treated 
with  tie  plates  and  screw  spikes  and  that  screw  spikes  will  take  the 
place  of  ordinary  spikes?  It  seems  to  me  that  is  rather  a  radical 
departure    and   ought   not    to    be    passed    over    without    some    discussion. 

Mr.  Thompson : — I  did  not  happen  to  be  on  the  Sub-Committee 
on  this  subject.  I  would  like  to  mention  that  the  Committee  here 
are  agreeing  to  some  changes  that  came  up  in  discussion,  and  it  is 
the  minority  members  of  the  Committee  that  are  agreeing  to  some 
of  these  changes.  However,  in  regard  to  placing  tie  plates  on  all 
treated  ties,  there  was  considerable  discussion.  The  conclusion  of  the 
Sub-Committee,  as  I  understand  it,  was  that  if  it  paid  to  put  addi- 
tional money  into  treatment  of  ties,  everything  should  be  done  to 
further  the  life  of  the  ties. 

Mr.  Cushing: — I  offer  the  following  substitute  for  conclusion  2: 
"Protect  all  ties  which  wear  out  by  mechanical  wear  with  tie  plates. 
In  the  case  of  treated  ties  the  use  of  screw  spikes  should  be  consid- 
ered as  being  possibly  preferable  to  the  common   track  spike." 

Mr.  Thompson : — I  might  add  there,  and  call  attention  to,  "protect 
such  treated  ties  against  mechanical  wear."  If  we  are  going  to  permit 
the  tie  to  wear  out  from  mechanical  wear  or  abrasion  rather  than 
decay,  we  reach  a  point  where  the  treatment  offsets  the  mechanical 
wear.  If  you  can  get  additional  life  in  the  treated  tie  by  using  tie 
plates  to  offset  the  mechanical  wear,  it  should  be  done. 

Mr.  Cushing : — That  is  very  true,  but  it  also  applies  to  other  ties 
which  are  destroyed  by  mechanical  wear  as  well  as  to  treated  ties.  It 
is  a  case  of  figuring  out  the  relative  cost  to  ascertain  whether  it  is 
practicable  to   do  so. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  :— Could  ,Mr.  Cushing's 
thought  not  be  carried  out  by  eliminating  all  the  words  after  "mechan- 
ical wear" — "protect  such  treated  tics  against  mechanical  wear,"  leaving 
out  the  means   of  doing  that? 
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M'r.  dishing: — I  will  accept  that,  Mr.  President;  let  it  stand  that 
way. 

The  President :— The  motion  proposed  by  Mr.  Gushing,  seconded 
by  Mr.  Fritch,  would  read  as  follows :  Conclusion  2 — "protect  all  tied 
against  mechanical  wear." 

Mr.  McDonald : — On  this  question  of  screw  spikes,  I  am  very  free 
to  admit  my  preference  for  the  use  of  screw  spikes  wherever  expense 
has  been  incurred  for  treating  the  ties,  but  I  have  heard  a  number  of 
objections  to  their  use  on  account  of  the  fact  that  it  necessarily  attaches 
the  tie  to  the  rail,  and  in  case  there  is  any  lack  of  sufficient  ballast 
underneath,  the  tie  follows  the  rail  up  and  down,  whereas  under  the 
present  arrangement  the  spike  pulls  out  of  the  tie  slightly,  allowing  the 
rail  to  move  without  disturbing  the  tie.  What  I  would  like  to  know 
is,  does  the  Committee  think  the  use  of  screw  spikes  on  American  roads 
has  been  tried  to  such  an  extent  that  they  are  warranted  in  recom- 
mending their   use   at  this   time? 

Mr.  Thompson : — No ;  I  cannot  say  that  the  Committee  has  found 
that  to  be  true.  The  use  of  screw  spikes  on  American  roads  has  been 
very  limited,  and  in  some  of  the  tests  which  have  been  made  the  results 
have  not  been  altogether  satisfactory.  I  think  Mr.  Gushing  would  be 
willing  to  say  something  on  that.  He  has  investigated  the  subject 
very  thoroughly,  but  from  the  data  gathered  from  other  countries  as 
to  the  use  of  the  screw  spikes  the  results  have  not  been  very  satisfactory. 

Mr.  Gushing: — I  agree  with  Mr.  McDonald.  I  do  not  think  we 
are  in  a  position  at  the  present  time  to  commit  ourselves  to  an  expres- 
sion of  an  opinion  so  radical  as  suggested  by  the  Committee.  The  screw 
spikes  are  being  tried  in  this  country  in  more  or  less  large  quantities, 
and  that   investigation   should   continue. 

Mr.  M'.  L.  Byers  (Missouri  Pacific)  : — It  seems  to  me  that  Mr. 
Cushing's  motion  hardly  covers  the  case,  because  all  ties  are  subject 
to  mechanical  wear,  and  if  we  attempt  to  protect  all  ties  against 
mechanical  wear  we  wall  be  protecting  ties  which  actually  fail  by  decay. 
It  seems  to  me  that  should  read  "protect  all  ties  against  failure  from 
mechanical   wear." 

Mr.  Gushing : — That  is  right,   Mr.   President. 

Mr.  J.  A.  Atwood  (Pittsburg  &  Lake  Erie): — I  think  the  force 
of  the  second  conclusion  will  be  lost  if  Mr.  Cushing's  motion  is  carried. 
The  force  of  the  conclusion,  it  seems  to  me,  is  to  call  attention  to  the 
fact  of  the  absolute  necessity  of  protecting  treated  ties  against  mechan- 
ical wear,  if  you  are  going  to  get   the  value   of  the   treatment. 

Mr.  Gushing: — I  change  my  motion  in  accordance  w-ith  the  sugges- 
tion of  Mr.  Byers,  "Protect  all  ties  against  failure  from  mechanical 
wear." 

(Motion  carried.) 

The  Secretary: — "(c)  Enforce  the  lie  specifications  rigidly,  with 
particular   reference   to   the   rigid   exclusion    of   small    ties." 

Mr.  Thompson : — I  would  suggest  that  the  last  "rigid"  be  left  out 
of  the   second   line. 
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The  Secretary: — "(d)  Co-operation  among  the  roads  in  any  given 
territory,  looking  toward  the  adoption  of  standard  tie  specifications,  with 
particular  reference  to  making  it  impossible  for  contractors  to  furnish 
ties  cut  from  small  trees,  which  would  naturally  form  sources  for  future 
tie   supplies. 

"(e)     Adopt   measures    for   reducing    forest   fires. 

"(f)  Encourage  the  owners  to  re-forest  their  lands  either  by 
replanting  or   natural    reproduction," 

The  President : — The  chair  would  suggest  that  discussion  on  these 
matters  be  made  a  little  more  general.  Experience  has  been  that  dis- 
cussion in  the  past  has  generally  been  confined  to  more  gentlemen  in 
the  front  than  at  the  back  or  ends  of  the  room.  Let  me  suggest  to 
the  gentlemen  in  the  rear  part  of  the  hall  that  they  take  part  in  these 
discussions.  They  will  feel  better  for  it,  and  the  Association  will  profit 
by  it  also. 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — Conclusion  6  is 
eminently  proper.  I  was  wondering  what  form  of  encouragement  the 
Committee  would  suggest.  How  can  we  encourage  owners  to  re-forest 
their  land?  It  is  very  important  that  we  should.  It  seems  to  me  that 
the  entire  seven  conclusions  are  eminently  right  and  proper.  The 
subject  is  one  of  immediate  importance.  There  is  an  article  in  one  of 
the  March  technical  magazines  which  contains  the  statement  that  in 
parts  of  Germany  cities  derive  a  sufficient  revenue  from  the  sale  of 
timber  to  pay  the  entire  expenses  of  running  these  small  cities.  In 
other  words,  if  this  article  states  the  facts  correctly,  there  are  no  taxes 
in  certain  small  cities  in  Germany,  because  the  city  owning  the  forest 
nearby  derives  a  sufficient  revenue  from  the  matured  timber  to  pay  the 
entire  expenses  of  the  city.  This  whole  question  of  re-forestry  is  one 
that  needs  further  investigation  on  the  part  of  this  Association,  and 
conclusion  6,  it  seems  to  me,  should  be  dwelt  upon  at  some  future  time 
in  order  to  inform  us  in  just  what  way  re- forestry  can  be  encouraged. 

Mr.  Thompson : — In  answer  to  Mr.  Wendt,  I  think  one  of  the  first 
things  to  do  is  to  urge  the  railway  managers  to  become  the  owners. 
Then  your  owner  is  right  at  hand  and  he  is  more  accessible  to  encour- 
age the  development  of  land  in  the  direction  of  forestry. 

Mr.  Fritch : — It  seems  to  me  that  these  suggestions  properly  belong 
to  the  committee  that  is  co-operating  with  the  National  Conservation 
Commission,  and,  going  a  little  ahead,  I  think  that  conclusion  7  rather 
goes  into  the  domain  of  politics.  I  believe  the  province  of  this  Com- 
mittee is  to  treat  of  the  technical  side  of  the  question  and  devise  ways 
and  means  for  increasing  the  life  of  ties.  This  question  of  re-foresta- 
tion  and  assisting  in  securing  favorable  tax  laws  is  a  subject  that 
should  be   referred  to   the   other   committee. 

Mr.  M.  J.  Henoch  (Louisville  &  Nashville)  : — Is  it  too  late  to  go 
back  to  the  question  of  conclusion  3  with  reference  to  timber  supply. 
Appendix  B?     Has  that  been  passed  upon? 

The  President: — It  has  been  passed  upon.  State  your  case,  how- 
ever. 
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Mr.  Henoch:— I  simply  want  to  say,  if  we  recommend  the  rigid 
enforcement  of  any  one  specification,  is  not  that  rather  discrediting  the 
other  specifications?  If  any  specifications  are  worth  adopting  at  all, 
should  not  they  all  be  enforced?  It  looks  to  me  that  if  we  put  our- 
selves on  record  as  enforcing  one  particular  specification,  it  may  be 
considered  that  we  do  not  care  about  enforcing  the  others. 

The  President: — What  do  you  mean?  Specifications  for  buildings 
and  all  such? 

Mr.  Henoch: — No;  specifications  as  to  ties.  The  third  conclusion 
says:  "Enforce  the  tie  specifications  rigidly."  Why  should  not  all 
specifications  be  rigidly  enforced  instead  of  that  one  particular  specifi- 
cation? 

The   President :— The   way   it   is   expressed  makes   it   quite   complete. 

Prof.  S.  N.  Williams  (Cornell  College)  :— While  travehng  in  Min- 
nesota and  Wisconsin  last  summer  I  noticed  much  carelessness  on  rail- 
roads about  fires  started  by  locomotives.  Apparently  no  precautions 
were  taken  to  prevent  these  from  extending  to  heavy  timber.  It  was 
extremely  dry  and  very  necessary  that  fires  should  be  promptly  put  out. 
I  presume  the  great  railway  companies  had  such  a  regulation.  I  passed 
over  one  road,  however,  where  no  care  seemed  to  be  taken,  and  soon 
after  great  fires  started  in  that  vicinity  which  eventually  caused  losses 
in  those  states  of  over  twenty  million  dollars.  Conclusion  5  is  impor- 
tant and  can  be  enforced  by  instructions  to  trackmen.  Conclusion  6  is 
also  important  but  requires  co-operation .  with  the  state  or  national 
government.  Japan  and  Russia  not  only  .  protect  their  forests,  but 
Russia  annually  exports  about  thirty  million  dollars'  worth  of  lumber. 
Some  European  governments  are  taking  similar  precautions.  While 
not  officially  connected  with  any  railway,  I  have  recently  investigated 
this  subject  and  know  how  desirable  it  is  for  every  citizen  to  assist 
in  enforcing  such  measures  as  shall  protect  the  country  against  the 
enormous  losses  which   have  been  caused  by  fire  in  timber  regions. 

Mr.  W.  H.  Hoyt  (Duluth,  Missabe  &  Northern)  : — I  come  from 
that  region,  in  the  northern  part  of  the  State  of  Minnesota,  where 
we  fought  forest  fires  last  summer,  and  I  would  like  to  state  that  at 
least  one  railroad  spent  a  good  many  thousands  of  dollars  and  a  good 
deal  of  time  fighting  these  fires.  We  had  75  to  300  men  fighting  fire 
two  or  three  weeks.  Certainly  in  that  region  of  the  country  it  was 
a  very  important  question,  and  I  know  that  the  other  railroads  in  that 
part  of  the  state  did  a  great  deal  in  the  same  line.  In  regard  to  con- 
clusion 6,  in  our  district  there  is  at  the  present  time  one  firm  putting 
out  6,000  acres  of  Scotch  spruce,  replanting  the  land.  They  are  import- 
ing these  young  trees  from  the  old  country,  getting  them  in  here  in 
about  their  second  year  growth,  just  started,  and  are  hand  planting 
them  on  the  cut-over  lands,  and  the  railroads  are  encouraging  this  by 
making  a  special  effort  to  see  that  they  are  protected  from  fire.  We 
keep  our  right-of-way  cut  once  or  twice  every  year,  mowed  down  and 
burned,  and  if  there  is  any  sign  of  fire  anywhere  in  the  country  our 
section  gangs  and  bridge  foremen  have  instructions  to  get  after  it 
without  any  delay,  whether  it  is  on  the  right-of-way  or  anywhere  near 
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the  right-of-way,  started  by  the  railroad  or  from  any  other  cause.  A 
year  ago  last  summer  we  had  occasion  a  number  of  times  to  send  crews 
of  men  from  our  road  for  a  mile  or  two  into  the  country  and  take 
citizens  and  farmers  from  their  homes  and  bring  them  into  the  open 
country  and  to  help  keep  their  trees  from  burning  up.  I  think  the 
recommendation  made  in  conclusion  6  should  stand  as  a  proper  encour- 
agement   for   taking   measures   along  that    line. 

Mr.  Wm.  L.  Hall  (Forest  Service)  : — Mr.  Chairman,  is  a  visitor 
privileged    to    speak    on    this    question? 

The   President : — Certainly. 

Mr.  Hall: — I  should  like  to  call  attention  to  one  or  two  points 
in  connection  with  conclusions  5,  6  and  7  of  the  Committee.  It  seems 
to  me  that  conclusions  5,  6  and  7  are  virtually  three  sides  of  the  same 
question.  We  -are  not  to  have  efifective  measures  of  reducing  forest 
fires  unless  at  the  same  time  we  solve  the  question  of  forest  land  taxa- 
tion; we  are  not  to  have  effective  re-forestation  of  lands,  either  by 
planting  or  by  natural  reproduction,  unless  we  solve  the  tax  question 
and  the  fire  question.  So  it  seems  to  me  that  these  three  questions 
are  so  intimately  linked  together  as  to  be  in  reality  only  one.  I 
suppose  the  adoption  of  these  conclusions  of  the  Committee  now  would 
be  simply  the  adoption  of  the  principles  expressed  in  these  three  state- 
ments. It  would  not  interfere  with  further  work  of  the  Committee 
along  that  line.  I  bring  this  point  up  for  the  reason  that  it  seems  that 
further  work  could  properly  be  done.  It  is  not  enough  to  favor  meas- 
ures for  protecting  forests  from  fire  and  for  encouragement  of  the 
growth  in  the  abstract.  We  ought  to  know  what  plans  have  been 
found  best  fitted  to  carry  out  those  purposes,  what  ends  we  can  work 
to  and  what  system  we  can  adopt  for  those  ends.  There  is  a  large 
field  in  that  direction.  Many  methods  have  been  worked  out  that 
have  proved  of  value  in  various  parts  of  the  country  for  dealing  with 
the  question  of  taxation  and  the  prevention  or  extinguishment  of  fires. 
Although  much  valuable  work  has  been  done,  there  is  much  further 
work  to  do  on  those  questions.  I  hope  the  adoption  of  the  Committee's 
conclusions  will  not  have  the  effect  of  stopping  the  work,  but  that 
the  Committee  may  go  on  into  the  questions  more  specifically  in  the 
future. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — Speaking  on  this 
same  subject,  conclusions  5,  6  and  7,  I  think  there  is  some  specific  work 
that  this  Association  can  do  in  reference  to  conclusion  5  that  follows 
out  the  practice  that  we  find  in  Europe,  through  the  Black  Forest,  and 
in  this  country,  in  some  sections  also,  namely,  cutting  ditches  alongside 
of  the  right-of-way,  and  even  outside  of  the  right-of-way,  that  are 
kept  clean  from  all  undergrowth  in  order  that  fire  may  not  spread 
beyond  the  limits  of  control  of  the  railway  companies.  Another  feature 
that  railroads  can  encourag3  is  the  easy  means  of  furnishing  a  sale 
for  the  small  timber  that  is  left  lying  in  the  forests.  Such  a  condition 
is  never  found  in  Europe.  One  never  sees  small  timber  lying  around  in 
the  forests ;  it  is  always  cut  up  and  taken  out  of  the  forests  and  made 
use  of.     Those   two   points  are   live   subjects   that   we,  as   railroad   men. 
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can  encourage.  Speaking  particularly  to  conclusions  6  and  7,  we  are 
voters,  and  as  voters  and  members  of  railroad  companies  we  can  estab- 
lish public   opinion  and  back  that   opinion  by   our  votes. 

The  Secretary :— "(g)  Use  the  proper  means  to  aid  and  assist 
in  the  investigation  of  tax  laws  as  far  as  they  pertain  to  forest  lands 
with  a  view  to  having  legislation  enacted  which  would  make  it  possible 
to  hold  lands  with  growing  timber  for  the  purpose  of  future  tie 
production." 

Mr.  Thompson : — I  move  the  adoption  of  that  portion  of  the  report 
of  the  Tie   Committee. 

iMr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific)  :— For  the  benefit 
of  the  Committee  and  quoting  Mr.  Thompson's  remarks  in  regard  to 
the  failure  of  screw  spikes,  we  made  frequent  examinations  of  their  use 
and  in  every  case  where  it  was  reported  that  they  did  not  do  their 
work  we  found  it  was  the  fault  of  installation.  On  the  Rock  Island 
we  thought  we  issued  good  instructions  in  regard  to  the  installation, 
but  somebody  else  thought  they  knew  how  to  do  it  better,  and  they 
put  them  in  in  their  own  way;  the  first  reports  we  got  were  that 
they  were  failures.  When  we  installed  them  as  they  should  have  been 
in  the  first  place  they  did  their  work  under  trying  conditions  in  first- 
class  manner,  so  when  we  get  reports  of  failures  wo  had  better  find 
out  whether  they  have  been  installed  properly. 

Mr.  A.  H.  Rudd  (Pennsylvania)  : — Before  voting  on  this  matter 
I  would  call  attention  to  the  fact  that  zinc  or  lead-treated  ties  seri- 
ously interfere  with  the  track  circuits  for  automatic  signals.  As  a 
matter  of  information,  it  might  be  well,  when  defining  what  ties  should 
be  used,  to  state  that  there  are  certain  chemically  treated  ties  which 
seriously    interfere    with    the    proper    working    of    the    automatic    signals. 

Mr.  Thompson: — The  Committee  does  not  recommend  any  specific 
treatment. 

Mr.  Ewing:— The  matter  brought  up  by  Mr.  Rudd  is  an  important 
matter,  and  if  there  is  anyone  in  the  convention  that  has  had  experience 
along  those  lines  I  think  it  would  be  a  material  benefit  to  all  of 
us    to   know    something    about    it. 

Mr.  H.  R.  Safford  (Illinois  Central)  : — The  Illinois  Central  has 
had  some  experience  along  this  line  with  ties  in  track  protected  with 
automatic  block  signals.  For  the  first  year  and  a  half  after  the  installa- 
tion of  that  system,  which  was  installed  at  the  same  time  the  track 
was  laid,  we  found  the  track  circuits  had  to  be  shortened  almost  50 
per  cent.  It  was  our  observation  after  the  third  or  fourth  year  that 
we  could  have  returned  to  the  longer  track — ^track  circuit  section — but 
not  quite  as  long  as  we  originally  designed  it,  and  it  developed  very 
plainly  that  with  that  character  of  ties  there  was  some  obstruction  to 
the  proper   operation   of  the   long  track   circuit. 

The  President : — The  chair  will  now  put  the  motion,  that  the  con- 
clusions of  the  timber  supply  section  of  the  Tie  Committee,  as  amended, 
be   adopted. 

(Motion    carried.) 
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The  Secretary: — "(3)  That  the  following  conclusions  of  the  Com- 
mittee in  reference  to  Metal  and  Concrete  Ties  be  endorsed : 

"('A') — Steel  Tie. — An  ipiproved  form  of  steel  tie,  as  shown  by 
Fig.  I,  of  the  type  manufactured  by  the  Carnegie  Steel  Company,  with 
metal  plate  over  the  insulating  fiber,  and  with  the  wedge  clip  rail  fas- 
tenings, seems  to  be  very  promising.  Experiments  with  the  same 
should  be  extended  and  results  carefully  watched  and  reported  to  the 
Association." 

Mr.  Robert  Trimble  (Pennsylvania  Lines)  : — It  seems  to  me  that 
this  Association  might  word  that  conclusion  'a  little  differently.  J 
understand  that  one  of  the  things  we  are  trying  to  steer  clear  of  is 
that  of  being  an  advertising  medium.  It  looks  to  me  as  if  there  was 
something  of  that  nature  in  this  conclusion.  I  do  not  believe  it  is 
policy  to  adopt  it  as  it  is  now  worded.  By  way  of  suggestion  I  would 
offer  this  modification :  "An  improved  form  of  steel  tie,  as  shown  by 
Fig.  I,  of  the  I-beam  type,  with  metal  plate  over  the  insulating  fiber," 
etc.  I  am  not  sure  that  I  would  want  to  recommend  it,  or  that  I 
would  vote  for  it,  but  at  the  same  lime  I  think  that  is  an  improvement 
in    the   wording  of   the    resolution. 

The  President : — That  matter  was  up  for  discussion  when  the  Com- 
mittee were  taking  these  points  up,  and  the  majority  suggested  the 
framing  of  the  conclusion  as  given  in  the  report,  but  if  the  point 
is  well  taken  by  Mr.  Trimble,  the  Association  should  express  itself 
upon  it. 

iMr.  Trimble  :• — I  move  that  it  be  so  changed. 

The  President: — Will  you  read  the  clause  as  you  would  have  it? 

Mr.  Trimble : — "An  improved  form  of  steel  tie,  as  s*hown  by  Fig. 
I,  of  the  I-beam  type,  with  metal  plate  over  the  insulating  fiber,  and 
with  the  wedge  clip  rail  fastenings,  seems  to  be  promising.  Experi- 
ments should  be  extended  and  results  carefully  watched  and  reported 
to  the   Association." 

The  President : — The  chair  cannot  ask  the  Committee  to  accept 
that,  because  this  is  the  minority.     What  is   the  sense   of  the   meeting? 

Mr.  Joseph  O.  Osyood  (Central  Railroad  of  New  Jersey)  : — I 
would  suggest  that  it  read,  "an  improved  form  of  steel  tie  of  the 
general    type    shown    by-  Fig.    i,   with    metal   plate,"    etc. 

Mr.  Rudd : — We  still  have  our  old  friend,  the  track  circuit,  with 
us.  That  fiber  insulation,  as  shown  in  Fig.  i,  will  last  long  enough 
to  get  it  in — perhaps,  a  few  minutes  longer  to  take  it  out.  I  believe 
that  we  should  add  to  the  instructions  that  if  experiments  are  made 
with  these,  they  should  be  made  with  the  track  circuit  also,  because 
the  track  circuit,  with  automatic  signals,  is  going  to  be  increased 
in  this  country  very  appreciably,  and  it  cannot  be  neglected  and  it 
cannot  be  operated  successfully  under  any  known  conditions  at  the 
present  time,  where  the  circuit  is  so  arranged  that  the  signal  will 
assume  a  stop  position  when  the  track  is  short-circuited  by  the  wheels, 
if  you   also  short-circuit   it   at    every   tie. 

Mr.    Atwood: — I    would    state    that    the    Pittsburg    &    Lake    Erie 
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Railroad  has  3,000  I-beam  steel  ties  in  service.  They  have  been  in 
service  nearly  two  years.  They  are  insulated,  and  up  to  the  present 
time  there  has  been  no  difficulty  on  account  of  the  insulation.  They 
are  as  easily  maintained  as  the  wooden  ties,  and  at  no  greater  expense. 

Mr.  Rudd : — I  would  say  that  we  installed,  on  the  Pennsylvania 
Railroad,  a  section  three-quarters  of  a  mile  long,  of  metal  construc- 
tion, with  fiber  insulation,  and  the  first  train  that  went  over  it  cut 
out  the  insulations  on  some  40  or  50  ties,  and  we  maintained  this 
experimental  track  some  six  months,  with  the  signals  removed  and 
orders   that   there   was   no   automatic   block   on    those   tracks. 

Mr.  Thompson : — I  should  like  to  make  a  few  remarks  about  steel 
ties  on  the  Baltimore  &  Ohio.  In  doing  this  I  want  to  apologize 
to  some  extent  to  the  Committee  who  are  absent.  The  experience 
of  the  Baltimore  &  Ohio  in  the  use  of  steel  ties  of  the  I-beam  type 
has  not  been  as  successful  as  that  quoted  by  Mr.  Atwood.  Some  of 
the  points  I  would  like  to  bring  out  forcibly  is  the  movement  of  the 
steel  ties  of  the  I-beam  type  in  the  ballast.  The  ties  skew  around 
very  badly,  and  in  a  mile  section  of  this  type  of  tie,  compared  with 
a  mile  section  of  the  wooden  tie,  the  cost  of  maintenance  was  very 
much  in  excess  of  the  steel  tie.  Also,  there  must  be  taken  into  con- 
sideration (which  the  Committee  has  not  included  in  its  discussion) 
the  additional  quantity  of  ballast  necessary  with  the  I-beam  tie.  This 
is  a  very  large  factor,  where  the  stone  ballast  is  used,  and  where 
the  cost  per  yard  of  stone  ballast  is  very  high,  as  in  the  East,  it 
is  very  important.  Another  feature  is  the  fastening,  which,  in  this 
case,  the  manufacturers  admit,  could  be  improved.  I  think  the  best 
that  can  be  done  this  year  is  to  continue  the  observations  of  steel 
ties,  as  recommended  by  the  Committee.  No  mention  is  made  in 
the  report  of  the  damage  occasioned  to  steel  ties  by  derailment.  On 
coal-carrying  railroads,  where  there  are  steel  cars  of  large  capacity, 
broken  flanges  contribute  to  a  large  percentage  of  the  derailments. 
In  the  test  on  the  Baltimore  &  Ohio  Railroad,  where  a  derailment 
occurred  from  a  broken  flange,  nearly  all  the  ties  in  that  immediate 
section  were  either  destroyed  or  so  badly  damaged  they  had  to  be 
taken  out  of  the  track.  The  upper  flange  of  the  I-beam  type,  in  a 
derailment,  is  usually  very  badly  damaged.  Another  thing  to  be 
considered  is  the  damage  to  the  equipment.  The  flanges  on  all  the 
wheels  are  either  broken  or  chipped  so  badly  that  they  have  to  be 
removed,    which    is    not    the    case    with    the    wooden    tie. 

Mr.  Atwood : — Those  3,000  ties  that  we  have  in  the  track  are 
on   a    slow-speed    track. 

Mr.  Trimble : — We  have  had  some  experience  with  steel  ties  of  the 
form  recommended  by  the  Committee,  with  the  exception  that  we  di<i 
not  have  the  improved  insulation  referred  to.  When  these  steel  ties 
were  installed  we  had  a  great  deal  of  difficulty  with  the  insulation, 
which  was  originally  wooden  shims.  These  wore  out  very  rap- 
idly, and  we  found  considerable  interference  with  the  track  circuits, 
where   automatic    signals    were    in    use,    but    after    we    changed    from 
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wood  to  fiber  \vc  fouml  less  difficulty,  and  in  the  end  practically  no 
interference  with  the  signals.  But  we  did  have  a  great  deal  of  the 
same  trouble  complained  of  by  Mr.  Thompson.  The  trackmen  con- 
tinually complained  about  these  ties  moving  the  ballast.  They  were 
in  stone  ballast,  and  it  was  kept  very  well  filled  up,  but  not  as  full 
as  it  should  have  been,  and  in  that  respect  the  trackmen  were  a  little 
delinquent;  but  we  would  line  the  ties  up  square  with  the  rail,  and 
inside  of  a  week  they  would  be  out  of  line  and  irregular.  Finally 
the  trackmen  had  so  much  trouble  with  them  that  they  took  them 
out,  however  against  the  protest  of  the  engineering  department.  On 
the  whole,  we  had  a  great  deal  of  difficulty  with  this  style  of  tie. 
But  at  the  present  time  I  do  not  know  of  any  better  form  of  steel 
tics.  Ties  equipped  in  the  maimer  referred  to  in  tliis  recommendation 
will  be  found  to  be  very  expensive,  and  I  think  we  will  find  that 
there  will  be'  very  few  railroads  that  will  be  willing  to  pay  the  price. 
However,  there  is  no  objection  to  continuing  e-xperiments  along  this 
line,  and  I  think  the  experiments  ought  to  be  made,  but  we  ought 
to   be   very   careful   in    regard   to    the    wording   of    our    conclusions. 

Mr.  E.  R.  Lewis  (Michigan  Central)  : — I  have  had  several  years' 
experience  with  steel  ties  on  African  railroads,  where  all  the  ties 
were  of  steel.  Wc  never  had  any  trouble  keeping  them  in  line  nor 
with  track  circuits,  but  we  did  have  trouble  with  derailments.  In 
case  of  derailment,  a  great  many  of  the  ties  were  often  put  out  cf 
commission. 

(Mr.  Thompson : — The  Bessemer  &  Lake  Erie  Railroad  is  the 
largest  user  of  steel  ties  that  I  know  of.  They  are,  at  the  present 
time,  using  this  I-beam  type,  I  might  say,  almost  exclusively.  I  do 
not  know  whether  they  have  bought  any  wooden  ties  this  year  or  not. 
They  are  making  their  renewals,  putting  the  I-beam  type  of  steel 
tie  in,  distributing  them  and  making  uniform  renewals  with  the  wooden 
ties.  If  there  is  a  representative  of  the  Bessemer  &  Lake  Erie  Rail- 
road   present,    I    suggest    that    he    might    say    something. 

iMr.  F.  R.  Layng  (Bessemer  &  Lake  Erie)  : — We  have  about  90 
miles  of  steel  tie  track  under  very  heavy  traffic.  This  year  we  are 
buying  about  thirty  miles  more.  The  sub-committee  on  steel  ties  made 
a  trip  over  our  road,  and  the  report  covers  practically  everything  1 
might  say.  We  are  very  much  pleased  with  the  steel  ties  and  expect 
to   use   them    on    a    still    larger    scale. 

A  Member : — I  would  like  to  ask  if  this  recommendation  is  being 
considered    for   publication    in    the    Manual? 

The    President : — No,    sir. 

Mr.  Wendt : — I  might  say  the  increasing  difficulty  in  connection 
with  the  purchase  of  wood  ties  makes  it  necessary  to  experiment 
with  reference  to  a  substitute  tie.  For  that  reason  we,  on  the  Pitts- 
burg &  Lake  Erie  Railroad,  are  conducting  an  experiment  in  this 
way :  On  the  four-track  road,  two  tracks  are  for  high  speed  and 
two  tracks  for  low  speed,  two  for  passenger  trains  and  two  for 
freight    trains.     We    laid    about    one    mile    of    steel    ties    and    a    similar 
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mile  with  wood  ties,  at  one  and  the  same  time.  The  ties  were 
new,  that  is,  new  wood  ties  were  put  in  at  the  same  time  that  the 
new  steel  ties  were  put  in.  New  go-lb.  rails  were  laid  at  the  same 
time.  The  track  was  completely  ballasted  at  this  same  period,  12 
inches  of  stone  being  used,  in  accordance  with  the  recommendation 
of  this  Association.  Track  circuits  are  maintained  within  this  limit. 
The  speed  of  trains  will  average  about  20  miles  per  hour  at  this 
point.  For  the  first  sixteen  months  trackmen  were  instructed  to  do 
no  surfacing  on  either  the  steel  ties  or  the  wood  ties.  At  the  end 
of  sixteen  months  we  had  the  trackmen  resurface  both  sections,  and 
made  a  record  of  the  expense.  The  expense  in  the  meantime  for 
the   sixteen   months  was   simply   for   patrolling  and   general    supervision. 

The  results  of  the  experiments  are  reassuring,  and  the  labor 
expense  is  rather  significant,  so  that  we  feel  that  the  Committee  is 
taking  the  right  stand  when  it  states  in  the  last  clause  that  experi- 
ments in  steel  ties  should  be  extended  and  results  carefully  watched 
and  reported  to  this  Association.  The  best  way  to  provide  for  the 
future  maintenance  of  railroads,  from  the  point  of  providing  ties,  is 
to  use  what  we  have  at  hand  to-day  and  conduct  systematic  experi- 
ments with  respect  to  a  substitute  tie,  which  will  be  forced  upon  us 
at    some    future    time. 

A   Member: — What  was   the   labor   expense? 

Mr.  Wendt: — I  do  not  like  to  go  so  far  as  to  report  the  labor 
expenses  in  the  proceedings,  because  our  results  were  very  favorable 
to  the  experiment.  I  shall  not  mention  the  figures  at  this  time.  We 
have  the  record  at  the  end  of  sixteen  months,  and  shall  continue  this 
experiment  in  the  future,  gathering  our  statistics  from  time  to  time, 
and  when  we  have  reached  a  poinl  where  the  ties  have  been  experi- 
mented with  a  sufficient  length  of  time,  we  will  then  draw  a  con- 
clusion   which    we    think    is    warranted    by    the    facts. 

Mr.  E.  R.  Lewis : — May  I  suggest  that  the  experience,  so  far  as 
I  know,  with  steel  ties  is  that  they  give  very  much  better  results  in 
fine  ballast  than  in  coarse  ballast ;  as  a  matter  of  fact,  the  finer  the 
ballast,  the  better.  A  trough-shaped  steel  tie  will  remain  in  place 
better   in    sand   than    in   ballast. 

Prof.  F.  O.  Dufour  (University  of  Illinois)  : — I  think  the  Com- 
mittee should  consult  the  results  of  European  practice,  at  least  in 
some  respects.  Of  course,  our  loads  and  rolling  stock  are  heavier 
than  that  of  Europe,  but  we  can  at  least  learn  that  a  tie  of  this 
form  will  shift  very  badly.  It  will  not  stand  in  a  heavy  ballast — rock 
ballast.  As  the  last  speaker  said,  the  finer  the  ballast  the  better. 
From  the  results  I  have  gathered  abroad,  and  these  are  from  a  good 
part  of  the  German  Empire,  I  should  say  this  tie  would  be  one  we 
should  not  use.  I  think  the  cost  is  prohibitive  on  account  of  the 
heavy  section.  It  would  be  a  bad  tie  to  have  in  case  of  a  derail- 
ment, and  it  will  shift  on  the  straight  track,  and  on  curves  so  badly 
that  it  should  not  be  used  at  all.  Any  lie  of  this  character  which 
has    a    smooth    surface    throughout    its    entire    length    will    shift.     I    saw 
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them  taking  up  miles  and  miles  of  this  very  same  general  form. 
Not  the  I-beam  form,  but  the  form  turning  the  other  way,  the  channel 
form,  and  the  foreman  told  me  they  shifted — I  could  see  that  for 
myself.  They  could  not  hold  them  in  the  ballast;  and  in  case  of 
a  derailment  they  were  very  poor.  What  we  need  is  some  kind  of 
a  tie,  I  think,  which  will,  while  giving  sufficient  pressure,  be  so  fixed 
that  it  cannot  move  sideways  in  the  ballast  and  which  will  itself,  in 
case  of  derailment,  break  up  rather  than  injure  the  rolling  stock  to 
such  an  extent  as   this  one  surely  will. 

In  regard  to  the  fact  that  the  tie  will  shift  in  the  ballast  and 
that  you  cannot  hold  it  on  a  curve,  I  can  assure  you  of  that  as  the 
result  of  my  observation  of  European  practice.  If  they  will  shift  in 
European  practice,  where  light  rolling  stock  is  in  use,  what  will  they 
do  here   with   our   heavy   loads   and    high   speed? 

Mr.  Thompson : — I  am  sure  that  the  Committee  realizes  that  their 
report  has  not  been  gone  into  in  an  exhaustive  manner ;  in  fact,  the 
data  are  not  at  hand  to-day,  and  this  is  simply  a  conclusion  of  the 
Committee,  and,  therefore,  I  move  that  conclusion  A  be  received  as 
information. 

Mr.  L.  C.  Fritch : — I  suggest  to  the  Committee,  as  one  of  the 
important  elements  of  this  investigation,  the  traffic  condition,  both 
with  regard  to  speed  and  the  amount  of  traffic^  A  steel  tie  may  per- 
form very  satisfactorily  under  slow  speeds,  but  it  may  be  a  different 
question  under  high  speed,  and,  therefore,  it  should  be  one  of  the 
elements  to  be  considered  in  each  case. 

Mr,  Gushing: — I  wish  to  speak  on  the  motion  and  offer  an  amend- 
ment. The  amendment  is  that  the  first  sentence  be  stricken  out,  and 
leaving  the  recommendation  that  experiments  with  the  steel  tie  should 
be  extended  and  results  carefully  watched  and  reported  to  the  Asso- 
ciation. We  do  not  want  to  forget  that  conclusion  3,  on  page  152,  is 
printed  as  if  it  were  intended  to  go  in  the  iManual,  which  is  contrary 
to  the   intent   of  the   Committee,   as   stated   by   the   chairman. 

(Motion,    as    amended,    was    carried.) 

The  Secretary: — "('B') — Reinforced  Concrete  Tie. — The  Committee 
concludes  that  no  form  of  reinforced  concrete  tie  has  been  made  which 
is  suitable  for  heavy  and  high-speed  traffic,  but  believes  a  properly 
reinforced  concrete  tie,  with  proper  fastenings,  may  be  found  eco- 
nomical in  places  where  speed  is  slow,  and  where  conditions  are 
specially    adverse    to    life    of   wood   or    metal." 

Mr.    Cushing: — I   move   that   it   be   adopted. 

(Motion   carried.) 

Mr.  L.  C.  Fritch : — I  recommend  that  conclusion  3,  on  page  152, 
be  changed  to  read:  "That  the  conclusions  of  the  Committee  in 
reference  to  metal  and  concrete  ties  be  received  as  information.  1 
make  that  as  a  motion." 

(Motion    carried.) 

The  President: — We  will  excuse  the  Committee  on  Ties,  with  the 
thanks  of  the  Association. 


REPORT    OF    COMMITTEE    NO.    VII— ON.  WOODEN 
BRIDGES  AND  TRESTLES. 

(Bulletin   107.) 

To  the  Members  of  the  American  Railway  Engineering  and  Main- 
tenance of  Way  Association: 

The  work  assigned  by  the  Board  of  Direction  is  indicated  in  the 
following  outline : 

(i)  Continue  the  revision  of  the  specifications  for  structural  tim- 
bers, co-operating  with  Committee  Q  of  the  American  Society  for  Test- 
ing Materials  and  other  committees  on  the  subject,  with  a  view,  if 
possible,  of  preparing  a  uniform  standard  specification. 

(2)  Prepare  a  list  of  recommended  safe  unit  stresses  for  structural 
timbers. 

(3)  Revise  the  report  on  standard  names  for  structural  timbers. 

(4)  Study  the  principles  and  methods  of  pile-driving,  and  collect 
data  relating  to   the   current  practice. 

(5)  Report  on  best  method  for  classification  of  pine  timber  for 
structural  purposes  in  place  of  classification   by  botanical  names. 

SUB-COMMITTEES. 

The  members  of  the  Committee  were  divided  among  the  following 
Sub-Committees  on  May  16,  after  some  preliminary  correspondence  and 
personal  conferences : 

A.  To  consider  Items  i,  3  and  5  in  the  outline  of  work:  F.  H. 
Bainbridge,  Cltairman;  A.  L.  Bowman,  H.  S.  Jacoby,  F.  B.  Scheetz, 
C.   C.   Wentworth,   B.   A.    Wood. 

B.  To  consider  Item  2 :  James  Keys,  Chairman;  R.  D.  Coombs, 
L.  J.   Hotchkiss,   Hans   Ibsen,   H.   S.   Jacoby,   W.   F.   Stefifens. 

C.  To  consider  Item  4:  R.  D.  Coombs,  Chairman;  F.  E.  Bissell, 
Wm.    Graham,    H.    S.   Jacoby,   Wm.    Michel,    W.    F.    Steffens. 

COMMITTEE    MEETINGS. 

Three  meetings  of  the  Committee  were  held  in  Chicago,  March  18, 
19  and  20,  1908,  at  the  time  of  the  last  annual  convention,  at  two  of 
which  the  continuation  of  work  on  Item  2  was  considered,  and  general 
plans  prepared  regarding  Item  4,  preliminary  arrangements  being  made 
to  secure  an  early  issue  of  the  circulars  of  inquiry  on  present  prac- 
tice. The  following  members  for  the  present  year  were  in  attendance : 
R.  D.  Coombs,  Hans  Ibsen,  H.  S.  Jacoby,  W.  F.  Steffens,  B.  A.  Wood. 
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A  meeting  was  hel4  in  Chicago  on  October  21,  to  review  and 
perfect  the  reports  of  the  Sub-Committees.  The  members  present  were : 
L.  J.  Hotchkiss,  Hans  Ibsen,  H.  S.  Jacoby,  James  Keys,  C.  C.  Went- 
worth  and  B.  A.  Wood.  The  morning  and  afternoon  sessions  were 
devoted  to  a  consideration  of  safe  imit  stresses  for  structural  timbers, 
and  the  evening  session  to  piles  and  pile-driving. 

Sub-Committee  A  held  a  joint  meeting  in  Chicago  on  July  22,  with 
representatives  of  the  Yellow  Pine  Manufacturers'  Association  and  of 
the  American  Society  for  Testing  Materials,  to  adjust  the  remaining 
differences  between  the  specifications  for  structural  timbers  adopted 
respectively  by  the  three  Associations.  This  meeting  was  attended  by 
F.  H.  Bainbridge,  H.  S.  Jacoby,  F.  B.  Scheetz,  C.  C.  Wentworth  and 
B.  A.  Wood,  of  the  Sub-Committee;  by  M.  B.  Nelson,  A.  H.  Mar- 
burry  and  Wra.  Cameron,  of  the  Yellow  Pine  Manufacturers'  Associa- 
tion ;  and  by  Dr.  Hermann  Von  Schrenk  and  Dr.  W.  K.  Hatt,  of  the 
American    Society    for    Testing    Materials. 

Sub-Committee  C  held  a  meeting  in  New  York  on  June  3,  attended 
by  R.  D.  Coombs  and  Wm.  Graham ;  one  in  Atlantic  City,  on  June  24, 
attended  by  R.  D.  Coombs  and  W.  F.  Steffens,  and  a  thiid  on  Sep- 
tember 2,  in  New  York,  at  which  R.  D.  Coombs  and  Wm.  Graham  were 
in  attendance. 

BRIEF    REVIEW    OF    THE    REPORT    OF    1908. 

Revised  Specifications  for  Bridge  and  Trestle  Timbers  were  sub- 
mitted, together  with  a  list  of  the  differences  between  them  and  those 
of  the  American  Society  for  Testing  Materials.  The  Specifications 
for  Piling  were  also  revised  and  rearranged  into  tabular  form  for 
more  convenient  reference  (see  Proceedings,  Vol.  9,  pp.  317-319).  For 
the  reasons  stated  under  the  next  topic  this  information  was  consid- 
ered merely  as  a  progress  report. 

The  results  of  careful  investigations  on  Wooden  Trestle  Bridges 
with  Ballast  Floors  were  placed  on  record.  The  report  related  to  design, 
construction,  and  cost,  as  well  as  to  their  advantages  and  disadvantages 
as  compared  with  the  open-floor  type  (see  Proceedings,  Vol.  9,  pp.  320 
331).  See  also  illustrations  in  Proceedings,  Vol.  7,  pp.  705-713.  No 
action  by  the  Association   was  required. 

A  progress  report  was  presented  on  Safe  Unit  Stresses  for  Struc- 
tural Timbers,  including  the  results  of  an  inquiry  by  circular  letter  to 
learn  the  current  practice  as  to  unit  stresses  used  by  the  different  rail- 
roads and  to  secure  opinions  on  certain  questions  related  to  the  work 
of  the  Committee.  Most  of  the  results  were  presented  graphically  (see 
Proceedings,  Vol.  9,  pp.  331-349). 

A  progress  report  was  also  submitted  on  the  Preservation  of  Struc- 
tural Timber,  the  investigations  being  preliminary  to  the  preparation  of 
specifications  (see  Proceedings,  Vol.  9,  pp.  350,  358).  As  a  Standing 
Committee  on  Wood  Preservation  was  created  by  the  Board  of  Direction 
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at  the  time  of  the  last  convention,  the  above  subject  was  transferred  to 
the  new  Committee. 

The  report  made  the  previous  year  on  Standard  Names  for  Struc- 
tural Timbers  was  resubmitted,  but  at  the  request  of  the  Committee 
final  action  was  deferred  for  another  year. 

STANDARD    SPECIFICATIONS    FOR    BRIDGE    AND    TRESTLE 

TIMBERS. 

The  recommended  standard  specifications  now  published  in  the 
Manual  were  adopted  in  1906  (see  Proceedings,  Vol.  7,  pp.  685,  715). 
After  the  convention  the  Board  of  Direction  requested  the  Committee 
to  "co-operate  with  the  Committee  on  Structural  Materials  of  the  Ameri- 
can Society  for  Testing  Materials,  with  a  view,  if  possible,  to  the  prep- 
aration of  a  joint  specification  for  structural  timber."  During  the  year 
numerous  specifications  were  examined  and  compared,  but  no  conclu- 
sion was  reached  (see  Proceedings,  Vol.  8,  pp.  394,  395).  The  work 
was  continued  during  the  following  year,  but  no  complete  agreement  was 
reached  by  the  two  committees.  In  addition  to  the  revised  specifica- 
tions, a  list  of  differences  still  remaining  to  be  adjusted  was  presented 
to  the  Association  as  a  progress  report  for  discussion  and  an  expression 
of  approval  or  disapproval  to  guide  the  Committee  in  future  confer- 
ences (see  Proceedings,  Vol.  9,  pp.  317,  361).  At  the  January,  1908, 
meeting  of  the  Yellow  Pine  Manufacturers'  Association  a  committee 
was  appointed  to  confer  with  the  other  two  committees  named  above. 
Under  the  topic  of  Committee  Meetings  reference  is  made  to  the  joint 
meeting  of  the  three  committees  during  the  past  year.  The  specifica- 
tions as  revised  and  adjusted  are  hereby  presented  for  adoption.  They 
may  not  appear  to  be  entirely  satisfactory  to  every  member,  but  it  is 
desirable  to  give  them  a  fair  trial,  and  if  any  provisions  prove  by  expe- 
rience to  be  unsatisfactory  they  may  be  modified  subsequently  by  a  joint 
conference  of  the  committees. 

The  Specifications  for  Timber  Piles  have  also  been  revised  by  Sub- 
Committee  A  to  conform  to  the  other  Specifications  for  Timber,  and 
have  been  materially  simplified  and  condensed.  They  are  also  presented 
for  adoption. 

SAFE    UNIT    STRESSES. 

The  few  unit  stresses  for  structural  timbers  which  are  now  pub- 
lished in  the  Manual  of  Recommended  Practice  were  adopted  in  1906 
(see  Proceedings,  Vol.  7,  pp.  694,  720,  721).  At  the  same  time  nine 
abstracts  of  timber  tests  and  of  recommended  unit  stresses  were  pub- 
lished, most  of  them  relating  to  longleaf  yellow  pine  and  Douglas  fir 
(see   Proceedings,  Vol.  7,  pp.  694-720). 

In  1907  a  bibliography  of  the  tests  of  American  structural  timbers 
was  given,  which  is  supposed  to  be  practically  complete  (see  Proceed- 
ings, Vol.  8,  pp.  409-416). 


536  WOODEN   BRIDGES   AND   TRESTLES. 

As  indicated  on  a  preceding  page  under  a  brief  review  of  the  report 
of  1908,  the  principal  part  of  that  report  relating  to  unit  stresses  con- 
sisted of  graphic  representations  on  ten  full-page  diagrams  of  the  unit 
stresses  adopted  in  practice  by  the  engineering  departments  of  a  large 
number  of  railroads.  The  diagrams  facilitate  comparison  between  indi- 
vidual values  and  indicate  at  a  glance  the  range  of  practice.  Those 
adopted  in  1907  by  the  New  York  Central  &  Hudson  River  Railroad 
Company  were  printed  in  a  separate  table,  as  thty  were  not  received  in 
time  to  be  inserted  on  the  diagrams    (see   Proceedings,  Vol.  9,  pp.  331- 

349). 

The  stresses  recommended  in  Bulletin  No.  12  of  the  U.  S.  Division 
of  Forestry  (1896)  were  reprinted,  the  values  for  longleaf  pine,  short- 
leaf  pine,  bald  cypress  and  white  oak  being  obtained  from  tests  made 
by  the  Division  of  Forestry  which  were  considered  quite  rehable.  In 
addition  the  unit  stresses  adopted  in  1895  by  the  American  Association 
of  Railway  Superintendents  of  Bridges  and  Buildings  and  which  have 
been  extensively  quoted  and  used  were  given  as  representing  the  results 
of  a  careful  study  of  all  data  available  at  that  time. 

The  report  for  this  year  includes  a  large  number  of  diagrams 
showing  the  relation  of  lower  to  higher  groups  in  the  results  of  tests 
for  various  timbers,  a  comparison  of  certain  older  tests,  mainly  on  full- 
size  sticks,  referred  to  in  the  bibliography  previously  published,  and  a 
table  of  safe  unit  stresses  which  are  recommended  for  adoption  by  the 
Association.  The  principles  relating  to  the  determination  of  these  unit 
stresses,  various  details  connected  with  the  tests  on  which  they  are 
based,  and  references  to  the  unit  stresses  employed  in  practice  are  given 
in  the  body  of  the  report. 

The  Committee  acknowledges  with  grateful  appreciation  the  courtesy 
of  Prof.  A.  N.  Talbot  in  granting  permission  to  publish  in  the  appen- 
dix an  abstract  of  the  results  of  a  valuable  series  of  tests  of  full-size 
stringers  in  advance  of  the  regular  publication  in  a  bulletin  of  the  Engi- 
neering Experiment  Station  of  the  University  of  Illinois.  These  results 
give  important  new  information  on  the  relation  of  longitudinal  shear 
in  beams  to  direct  shear  parallel  to  the  grain  in  short  blocks, 
and  an  interesting  analysis  of  the  influence  of  defects  upon  the  stresses 
in  the  outer  fibers  as  well  as  on  the  horizontal  shear  at  the  neutral 
surface. 

PILES    AND    PILE    DRIVING. 

Two  circulars,  Nos.  104  and  105,  were  prepared  by  Sub-Committee 
C  and  sent  in  July  to  members  of  the  Association  and  a  selected  list 
of  other  engineers  and  contractors.  An  analysis  of  the  forty-seven 
replies  received  relating  to  a  part  of  the  questions  is  presented  in  this 
report,  the  data  relating  to  the  remaining  questions  being  reserved  for 
further  study. 

The    only   topic   discussed    is    on   "Overdriving    Piles."      The    Com- 
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mittee  regrets  that  it  failed  to  receive  a  larger  number  of  photographs 
or  descriptions  of  overdriven  piles  where  such  have  been  found  by  later 
excavation  or  when  withdrawn  at  the  time  of  construction.  It  is  to  be 
hoped  that  anyone  who  sees  this  report  and  can  thus  render  a  real 
service  to  the  profession  will  send  the  desired  information  to  the  Com- 
mittee. 

As  an  important  aid  to  the  thorough  study  of  the  subject  of  piles 
and  pile-driving  much  time  was  spent  in  preparing  the  bibliography 
which  is  printed  in  subsequent  pages.  The  references  were  selected 
from  a  larger  number  as  containing  information  of  value,  and  for  con- 
venient use   are   classified   under   suitable   heads. 

A  series  of  definitions  and  a  brief  historical  sketch  of  the  subject 
are  presented  as  an  introduction.  Those  interested  in  the  history  and 
development  may  find  a  number  of  valuable  references  under  that 
topic  in  the  bibliography.  Any  criticisms  or  additions  to  the  definitions, 
or  additional  references  for  the  bibliography  which  may  have  been  over- 
looked will  be  gratefully  received. 

CONCLUSIONS. 

Your  Committee  recommends  the  adoption  of  the  following  conclu- 
sions : 

(i)  That  the  Standard  Specifications  for  Bridge  and  Trestle  Tim- 
bers be  approved  as   good  practice. 

(2)  That  it  is  preferable  to  make  the  inspection  of  bridge  and 
trestle  timbers   at   the   mills. 

(3)  That  the  Revised  Specifications  for  Timber  Piles  be  ap- 
proved. 

(4)  That  the  list  of  Safe  Unit  Stresses  for  Structural  Timber 
be  approved. 

Respectfully  submitted, 

Henry  S.  Jacoby,  Professor  of  Bridge  Engineering,  Cornell  University, 
Ithaca,  N.  Y.,  Chairman. 

James  Keys,  Assistant  Engineer,  Union  Pacific  Railroad,  Omaha,  Neb., 
Vice-Chairman. 

F.  H.  Bainbridge,  Resident  Engineer,  Chicago  &  Northwestern  Rail- 
way, Clinton,  Iowa. 

F.  E.  BissELL,  Consulting  Engineer,  2185  East  93d  St.,  Cleveland,  O. 

A.  L.  Bowman,  Consulting  Engineer,  261 1  City  Investing  Bldg.,  165 
Broadway,  New  York,  N.  Y. 

R.  D.  Coombs,  Structural  Engineer,  Pennsylvania  Tunnel  &  Terminal 
Railroad,  New  York,  N.  Y. 

William  Graham,  Assistant  Bridge  Engineer,  New  York,  New  Haven 
&  Hartford  Railroad,  New  Haven,  Conn. 

Hans  Ibsen,  Bridge  Engineer,  Michigan  Central  Railroad,  Detroit,  Mich. 
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F.  B.  ScHEETZ,  Superintendent  of  Bridges,  Missouri   Pacific  Railway,   St. 

Louis,  Mo. 
W.  F.  Steffens,  Engineer  Bridges  and  Buildings,  Carolina,  Clinchfield  & 

Ohio  Railway,  Johnson  City,  Tenn. 

B.  A.  Wood,  Resident  Engineer,  Mobile  &  Ohio  Railroad,  Mobile,  Ala. 

Commitlee. 

The   undersigned    endorses   the   above    report   with   the   exception    of 
the  safe  unit   stresses,   which,   it  is  believed,   should   be   reduced    lo   per 
cent,  since  they  are  to  be  used  without  increasing  the  live  load  stresses 
for  impact. 
L.    J.    HoTCHKiss,    Assistant    Bridge    Engineer,    Chicago,    Burlington    & 

Quincy  Railway,  Chicago,  111. 

The   undersigned    endorses   above   report,    except    as   to   Specifications 
for  Longleaf  Yellow  Pine. 

C.  C.   Wentworth,    Principal    Assistant    Engineer,    Norfolk    &    Western 

Railway,  Roanoke,  Va. 
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♦STANDARD    SPECIFICATIONS    FOR    BRIDGE   AND    TRESTLE 

TIMBERS. 

t(To  be  applied   to   solid  members  and  not   to   composite  members.) 

ti.  Except  as  noted,  all  timber  shall  be  cut  from  sound  trees, 
true  and  straight,  and  sawed  standard  size ;  shall  be  square  edged, 
close  grained,  solid  and  out  of  wind ;  free  from  defects  such  as 
injurious  ring  shakes  and  crooked  grain,  unsound  or  loose  knots, 
knots  in  groups,  decay,  large  pitch  pockets,  or  other  defects  that 
will   materially    impair   its    strength. 

2.  Rough  timbers  sawed  to  standard  size  means  that  ihey  shall 
not  be  over  one-fourth  (^)  in.  scant  from  the  actual  size  specified. 
For  instance,  a  12  in.  by  12  in.  timber  shall  measure  not  less  than 
11^   by   11^   in. 

3.  Standard  dressing  means  that  not  more  than  one-fourth  (14) 
in.  shall  be  allowed  for  dressing  each  surface.  For  instance,  a  [2 
in.  by  12  in.  timber  after  being  dressed  on  four  sides  shall  measure 
not  less  than   Iil4   in.  by  iii^   in. 


General 
Require- 
ments. 


Standard 
Size  of 
Sawed 
Timber. 


Standard 
Dressing 
of  Sawed 
Timber. 


NO.     I     R.     R.     GRADE.      LONGLEAF     YELLOW     PINE     AND     DOUGLAS     FIR. 

14.  Longleaf  pine  shall  show  not  less  than  eighty-five  (85)  per  Stringers, 
cent,  heart  on  the  girth  anywhere  in  the  length  of  the  piece ;  pro- 
vided, however,  that  if  the  maximum  amount  of  sap  is  shown  on 
either  narrow  face  of  the  stringer,  the  average  depth  of  sap  shall 
not  exceed  one-half  (yi)  in.  Douglas  fir  shall  show  not  less  than 
ninety  (90)  per  cent,  heart  as  measured  above.  Knots  greater  than 
i^  in.  in  diameter  will  not  be  permitted  at  any  section  within  4  in. 
of   the    edge    of   the    piece. 

5.  Shall    show    not    less    than    eighty-five    (85)    per    cent,    heart    on    Caps  and 
each    of    the    four    sides,    measured    across    the    sides    anywhere    in    the    Sills, 
length    of    the    piece ;    to    be    free    from    knots    over    two    and    one-half 

(2^)    in.    in    diameter. 

6.  Shall   show   not    less    than   seventy-five    (75)    per   cent,    heart   on    posts. 


♦Amend  heading  to  read:  "Standard  Specifications  for  Southern  Yellow 
Pine  Bridge  and  Trestle  Timbers." 

tAmend  subheading  to  read:  "(To  be  applied  to  single  sticks  and  not  to 
composite  members.)" 

j.Amend  paragrapii  1  to  read:  "1.  Except  as  noted,  all  timber  shall  be 
sound,  sawed  to  standard  size,  square  edged,  and  straight;  shall  be  close- 
grained  and  free  from  defects  such  as  injurious  ring  shakes  and  cross  grain, 
unsound  or  loose  knots,  knots  in  groups,  decay  or  other  defects  that  will 
materially  impair  its  strength." 

^Amend  para.>?raph  4  by  omitting  the  .sentence  relating  to  Douglas  fir 
and  adding  the  following:  "but  knots  shall  in  no  case  exceed  four  (4)  In. 
in  their  largest  diameter." 

539 


640 


WOODEN    BRIDGES    AND    TRESTLES. 


l.oiigiiudinal 
ijuuis   or 

Girts. 

Longitudinal 
X  Braces, 
Sash  Braces 
and  Sway 
Braces. 
Ties  and 
Guard  Ralls. 


•Stringers. 


Caps  and 
Sills. 


each  of  the  four  sides,  measured  across  ihe  sides  anywhere  in  the 
length  of  the  piece,  and  to  be  free  from  knots  over  two  and  one-half 
(2^)    in.    in    diameter. 

*7.  One  face  shall  show  all  heart;  the  other  face  and  two  sides 
shall  show  not  less  than  cighly-five  (85)  per  cent,  heart,  measured 
across  the  face  or  sides  anywhere  in  the  length  of  the  piece,  and 
shall  be  free  from  knots  one  and  one-half  (i^)  in.  in  diameter  and 
over. 

t8.  Shall  show  four  square  edges  and  not  less  than -eighty  (80) 
per  cent,  heart  on  two  faces,  and  shall  be  free  from  knots  over  one 
and  one-half   (i^)    in.   in   diameter. 

tp.     Shall   show   one   face   all  heart ;    the   other   face   and    two   sides 

shall    show    not    less    than    seventy-five    (75)    per    cent,    heart,    measured 

across    the    face    or    sides    anywhere    in   the    length    of    the    piece ;    shall 

be  free   from  knots   over  two  and   one-half    (2^)    in.   in   diameter,   and 

where    surfaced    the    remaining    rough    face    shall    show    all    heart. 

[Since  the  specifications  for  structural  timber  arranged  by  joint  confer- 
ence do  not  contain  any  provisions  regarding  ties  and  guard  rails,  the 
preceding  paragraph  is  added  by  the  Committee.] 

*|N0.     2.     R.     R.     GR-^DE.      LONGLEAF     AND     SHORTLEAF     YELLOW     PINE,     DOUGLAS 
FIR     AND     WESTERN     HEMLOCK. 

§10.  Shall  be  square  edged,  except  that  it  may  have  one  (i)  in. 
wane  on  one  corner.  Knots  shall  not  exceed  in  their  largest  diam- 
eter one-fourth  (%)  the  width  of  the  face  of  the  stick  in  which  they 
occur,  and  shall  in  no  case  exceed  four  (4)  in.  Ring  shakes  shall 
not   extend   over  one-eighth    (yg)    of   the  length   of  the   piece. 

*li.  Shall  be  square  edged,  with  the  exception  of  one  (i)  in. 
wane  on  one  corner,  or  one-half  ('/a)  in.  wane  on  tun  cdrners.  Knots 
shall  not  exceed  in  their  largest  diameter  one  fourth  (I4)  of  the 
width    of    the   face   of   the    stick    in    whicli    tliey    occur,    and    ii'i    no    case 


*7.  Longitudinal  Struts  or  Girts. — One  face  shall  show  all  heart;  the 
other  face  and  two  sides  shall  show  not  less  than  eighty-five  (8.5)  per  cent, 
heart,  measured  across  the  face  or  sides  anywhere  in  the  length  of  the 
piece,  and  shall  be  free  from  any  large  knots  or  other  defects  that  will 
materially  injure  its  strength. 

tS.  I.,ongitiidinal  X  Braces,  Sash  Braces  and  Sway  tiraces. — Shall  !=liow 
four  square  edges  and  not  less  than  eighty  (SO)  per  cent,  heart  on  each  of 
two  faces,  and  shall  pe  free  from  any  large  knots  or  other  defects  that  will 
materially   injure  its 'strength. 

jg.  Ties  and  Guard  Kails. — Sliall  show  one  face  all  heart;  the  other 
face  and  two  sides  shall  show  not  less  than  seventy-five  (75)  per  cent,  heart, 
measured  across  the  face  or  sides,  anywhere  in  the  length  of  the  piece;  shall 
be  free  from  any  large  knots  or  other  defects  that  will  materially  injure  its 
strength. 

tTAmend  title  to  read:  "R.  R.  Falsework  Grade.  I.X3ngleaf  and  Shortleaf 
Yellow  Pine." 

§10.  Stringers.— Shall  be  square  edged,  except  that  it  may  have  one  (1) 
rn.  wane  on  one  edge.  Knots  shall  not  exceed  in  their  largest  diameter  one- 
fourth  (14)  the  width  of  the  face  of  the  stick  in  which  they  occur,  and  shall 
in  no  case  exceed  four  (4)  in.  Ring  shakes  sha,ll  not  extend  over  one- 
eighth  (Vs)  of  the  length  of  the  piece. 

*11.  Caps  and  Sills.^ — Shall  be  square  edged  with  the  exception  of  one  (1) 
in.  wane  on  one  edge,  or  one-half  (lA)  in.  wane  on  two  edges.  Knots  shall 
not  exceed  in  their  largest  diameter  one-fourth  ('4)  of  the  width  of  the 
face  of  the  stick  in  whicli  they  occur,  and  in  no  case  shall  exceed  four  (4)  In. 
King  shakes  shall  not  extend  over  one-eighth  (%)  of  the  length  of  the  piece. 
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shall  exceed  four  (4)  in.  Ring  shakes  shall  not  extend  over  one- 
eighth    (ys)    of  the   length  of   the  piece. 

ti2.  Shall  be  square  edged,  with  the  exception  of  one  (i)  in. 
wane  on  one  corner,  or  one-half  (H)  in.  wane  on  two  corners. 
Knots  must  not  exceed,  in  their  largest  diameter,  one-fourth  (%) 
of  the  width  of  the  face  of  the  stick  in  which  they  occur,  and  shall 
in  no  case  exceed  four  (4)  in.  Ring  shakes  shall  not  exceed  over 
one-eighth    (%)    of   the   length    of    the    piece. 

ti3.  Shall  be  square  edged  and  sound  and  shall  be  free  from 
knots  one  and  one-half    (ij^)    in.   in  diameter  and  over. 

I14.  Shall  be  square  edged  and  sound  and  shall  be  free  from 
knots  two   and   one-half    (2H)    i"-   in   diameter   and   over. 

Explanatory  Note  for  No.  1  R.  R.  Grade. 

These  specifications  state  the  maximum  limit  of  sap  wood  which  will  be 
accepted.  In  practice,  with  good  inspection,  the  effect  of  these  specifica- 
tions should  be  to  secure  timber  the  bulk  of  which  is  practically  all  heart. 
In  permanent  bridge  timber,  not  protected  from  decay,  sap  wood  is  not  only 
useless  in  itself,  but  by  furnishing  a  lodgment  for  the  spores  of  fungi,  it  is 
the  cause  of  starting  and  promoting  the  continuance  of  rot  in  the  heart. 
Sap  wood,  especially  after  decay  has  set  in,  is  also  extremely  susceptible  to 
fire,  while  with  precautions  ordinarily  exercised  heart  wood  is  practically 
immune  from  this  source  of  danger. 

On  the  other  hand,  for  ordinary  commercial  purposes  sap  wood  is  as 
valuable  as  heart.  Therefore,  if  the  mill  owners  understand  what  Is  wanted, 
good  heart  timber  can  be  obtained  for  a  small  advance  in  price  over  what  is 
usually  furnished,  much  of  which  contains  in  bulk  50  per  cent,  or  more  of 
sap  wood. 

To  obtain  proper  results  inspection  should  be  made  at  the  mills,  where 
unsatisfactory  timber  can  be  rejected  without  hardship  to  the  mill  owner. 
Extensive  buyers  of  timber  should  have  inspectors  stationed  at  the  mills. 
To  cover  the  needs  of  smaller  buyers  and  municipalities,  it  seems  that  some 
of  the  established  Inspection  Companies  might  maintain  an  organization 
of  timber  inspectors  at  the  mills,  which  would  prove  profitable  to  themselves, 
satisfactory  to  the  mill  owners  and  of  incalculable  benefit  to  those  who  use 
the  timber. 
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SPECIFICATIONS    FOR   TIMBER    PILES. 


*N0.     I     R.     R.     GRADE. 

ti.  This  grade  includes  white,  burr  and  post  oak,  longleaf  pine, 
Douglas  fir,  tamarack,  Eastern  white  and  red  cedar,  Western  cedar, 
redwood    and    cypress. 


tl2.  Posts. — Shall  be  square  edged,  with  the  exception  of  one  (1)  in. 
wane  on  one  edge,  or  one-half  (i/^)  in.  wane  on  two  edges.  Knots  must  not 
exceed,  in  their  largest  diameic-r,  one-fourth  (14)  of  the  width  of  the  face 
of  the  stick  in  which  they  occur,  and  shall  in  no  case  exceed  four  (4)  in. 
Ring  shakes  shall  not  extend  over  one-eighth  (Vs)  of  the  length  of  the  piece. 

jl3.  Longitudinal  Struts  or  Girts. — Shall  be  square  edged  and  sound,  and 
shall  be  free  from  any  large  knots  or  other  defects  that  will  materially  in- 
jure its  strength. 

^14.  Longitudinal  X  Braces,  Sash  Braces  and  Sway  Braces. — Shall  be 
square  edged  and  sound,  and  shall  be  free  from  any  large  knots  or  other 
defects  that  will   materially  injure  its   strength. 

*Amend  title  to  read:     "R.  R.  Heart  Grade." 

tl.  This  grade  includes  white,  burr  and  post  oak,  longleaf  pine,  Douglas 
fir,  tamarack.  Eastern  white  and  red  cedar,  chestnut,  Western  cedar,  red- 
wood and  cypress. 
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2.  Piles  shall  be  cut  from  sound  trees ;  shall  be  close  grained 
and  solid,  free  from  defects,  such  as  injurious  ring  shakes,  large  and 
unsound  or  loose  knots,  decay  or  other  defects,  which  may  materially 
impair  their  strength  or  durability.  In  Eastern  red  or  white  cedar 
a  small  amount  of  heart  rot  at  the  butt,  which  does  not  materially 
injure   the    strength    of   the    pile,    will    be    allowed. 

3.  All  piles  must  be  butt  cut  above  the  ground  swell  and  have 
a  uniform  taper  from  butt  to  tip.  Short  bends  will  not  be  allowed. 
A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the  tip 
shall  lie   within   the   body   of   the   pile. 

4.  Unless  otherwise  allowed,  all  piles  must  be  cut  when  sap  is 
down.  All  piles  must  be  peeled  soon  after  cutting.  All  knots  shall 
be   trimmed  close   to  the   body  of  the    pile. 

5.  For  round  piles  the  minimum  diameter  at  the  tip  shall  be  nine 
(g)  in.  for  lengths  not  exceeding  thirty  (30)  ft.;  eight  (8)  in.  for 
lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty  (50)  ft.,  and 
seven  (7)  in.  for  lengths  over  fifty  (50)  ft.  The  minimum  diameter 
at  one-quarter  of  the  length  from  the  butt  shall  be  twelve  (12)  in. 
and  the  maximum  diameter  at  the  butt  twenty    (20)    in. 

6.  For  square  piles  the  minimum  width  of  any  side  at  the  tip 
shall  be  nine  (9)  in.  for  lengths  not  exceeding  thirty  (30)  ft.;  eight 
(8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty  (50J 
ft.,  and  seven  (7)  in.  for  lengths  over  fifty  (50)  ft.  The  minimum 
width  of  any  side  at  one-quarter  of  the  length  from  the  butt  shall 
be    twelve    (12)    in. 

7.  Square  piles  .shall  show  at  least  eighty  (80)  per  cent,  heart  on 
each  side  at  any  cross-section  of  the  stick,  and  all  round  piles  shall 
show  at  least  ten  and  one-half   (10^)   in.  diameter  of  heart  at  the  butt. 

*N0.    2    R.     R.     GRAPE. 

t8.  This  grade  includes  red  and  all  other  oaks  not  included  in 
No.  I  R.  R.  grade,  sycamore,  sweet,  black  and  tupelo  gum,  maple, 
elm,  hickory,  Norway  pine,  or  any  sound  timber  that  will  stand  driving. 

9.  The  requirements  for  size  of  tip  and  butt,  taper  and  lateral 
curvature   are   the    same   as    for   grade    No.    i. 

10.  Unless   otherwise   specified  piles  need   not   be   peeled. 

11.  No  limits  are  specified  as  to  the  diameter  or  proportion  of 
heart. 

12.  Piles  which  meet  the  requirements  of  grade  No.  i  except 
the  proportion  of  heart  specified  will  be  classed  as  No.  2. 


♦Amend  title  to  read:     "R.  R.  Falsework  Grade." 

t8.  This  grade  includes  red  and  all  other  oaks  not  Included  in  R.  R. 
Heart  grade,  sycamore,  sweet,  black  and  tupelo  gum,  maple,  elm,  hickory, 
Norway  pine,  or  any  sound  timber  that  will  stand  driving. 


Appendix     B. 

SAFE    UNIT    STRESSES. 

The  diagrams  shown  on  sheets  13  to  18  inclusive,  which  accompany 
this  report,  give  a  summary  of  the  average  results  for  tests  on  full- 
size  sticks  of  seven  kinds  of  timber  made  during  the  past  six  years  by 
the  United  States  Forest  Service  in  accordance  with  the  instructions  in 
Circular  38,  published  in  1906.  Notes  relating  to  the  number  of  tests 
and  the  sizes  of  the  sticks  are  given  on  each  sheet.  The  results  are 
classified  to  give  the  averages  of  groups  of  10,  10,  30,  30,  10  and  10  per 
cent.,  respectively,  and  show  their  relation  from  the  lowest  to  the  high- 
est group.  The  data  from  which  these  diagrams  were  prepared  were 
furnished  at  the  request  of  the  Committee  by  the  Office  of  the  U.  S. 
Forest  Service  on  June  6,  1908. 

The  relation  of  the  average  value  for  the  lowest  10  per  cent,  group 
to  that  of  the  general  average  for  the  entire  series,  expressed  as  a 
percentage  for  each  kind  of  timber  is  as  follows :  Douglas  fir,  62.8 ; 
Western  hemlock,  80.3;  Western  larch,  71.8;  Norway  pine,  72.2;  tama- 
rack, 62.0;  shortleaf  yellow  pine,  69.1;  loblolly  pine,  63.3;  and  the  aver- 
age for  all  the  timbers  is  68.2.  When  arranged  according  to  the  kinds 
of  test  the  corresponding  relations  are  as  follows :  Modulus  of  rupture, 
61.2;  modulus  of  elasticity,  69.3;  shear  parallel  to  the  grain, 
67.8;  compression  perpendicular  to  the  grain,  69.3;  and  compression 
parallel  to  the  grain,  74.9.  The  difference  between  the  radial  and  the 
tangential  shear  is  not  large  enough  to  require  special  consideration  in 
determining  safe  unit  stresses.  The  lowest  single  ratio  is  46.5  per  cent., 
being  that  for  the  modulus  of  rupture  for  Douglas  fir  which  is  partially 
air-dry.  This  value  is  14  per  cent,  less  than  that  of  any  other  ratio  and 
is  clearly  abnormal,  since  the  average  modulus  of  rupture  for  the  lowest 
ID  per  cent,  group  is  17  per  cent,  less  for  the  partially  air-dry  than  for 
the  green  timber,  while  that  of  the  next  higher  10  per  cent,  group  is 
slightly  larger,  and  the  general  average  is  over  5  per  cent,  greater. 

The  following  statement  to  the  Committee  should  be  considered  in 
comparing  the  average  results  for  Douglas  fir  given  on  these  sheets 
with  those  formerly  published  by  the  Forest  Service :  "The  set  of 
figures  which  was  submitted  by  the  Forest  Service  on  June  6,  1908,  was 
intended  to  show  primarily  the  variation  in  strength  from  the  average 
results  shown  in  Circular  115.  This  set  of  results  was  obtained  from 
material  of  a  quality  intermediate  between  merchantable  and  second,  and 
the  stresses  are  consequently  somewhat  lower  than  the  average.  The 
second  row  of  figures  represents  a  very  fair  average  strength  for  mate- 
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rial  of  a  merchantable  grade.  This  grade  as  defined  by  the  Pacific 
Coast  Lumber  Manufacturers'  Association  is  a  very  good  average  grade 
for  Douglas  fir." 

To  facilitate  comparison  between  average  values  and  to  indicate 
the  range  in  some  cases,  the  modulus  of  rupture,  modulus  of  elasticity, 
and  compression  parallel  to  the  grain,  according  to  various  authorities, 
are  plotted  on  sheets  19  to  29  inclusive.  Those  relating  to  full-size 
beams  or  sticks  require  more  especial  consideration. 

In  communicating  the  data  to  the  Committee  the  statement  was 
made  that  "the  tests  of  the  Forest  Service  show  that,  as  a  rule,  in 
structural  timber  the  added  strength  of  the  wood  fiber  due  to  drynig 
out  is  offset  by  seasoning  defects,  such  as  checks,  shakes,  etc.,  although 
in  some  cases,  where  the  timber  has  been  carefully  dried  under  shelter, 
an  increase  of  20  per  cent,  in  strength  has  been  observed."  In  a  later 
communication  it  was  stated  that  "it  has  been  found  impossible  to  apply 
the  moisture  strength  curves  obtained  from  small  specimens  to  struc- 
tural sizes,  since  inherent  defects  in  the  material  as  well  as  seasoning 
defects  have  a  very  marked  eflfect  upon  the  strength  of  the  material. 
Moreover,  it  has  been  found  that  the  increase  in  strength  due  to  season- 
ing varies  with  different  grades,  the  greatest  increase  being  in  the 
select  grades.  The  increase  in  strength  due  to  seasoning  varies  in 
structural  sizes  from  practically  nothing  to  as  much  as  25  or  30  per 
cent.,  depending  upon  species,  grades,  and  several  other  factors.  As 
suggested  in  Circular  115,  one  cannot  safely  assume  a  larger  working 
stress  for  air-dry  material   than   for  green  material   in   large   sizes." 

Sheet  No.  30  contains  the  table  of  ultimate  and  safe  unit  stresses 
recommended  by  the  Committee.  Unless  otherwise  stated  the  ultimate 
stresses  are  the  average  values  for  green  timber.  In  cases  where  it 
was  not  possible  to  secure  results  for  green  timber  in  large  sizes,  those 
for  partially   air-dry   timber   are   inserted    in   the   table. 

The  average  ultimate  values  for  Douglas  fir,  shortleaf  pine,  Norway 
pine,  tamarack,  and  Western  hemlock  were  furnished  by  the  U.  S.  Forest 
Service.  As  no  recent  tests  on  green  longleaf  pine  in  large  sticks  have 
been  made,  the  Forest  Service  gave  the  following  average  values, 
expressed  in  pounds  per  square  inch,  for  longleaf  pine  and  Douglas  fir, 
both   being   partially    air-dry: 

Longleaf  Pine.        Douglas  Fir. 

Modulus  of  rupture 7,160  6,876 

Modulus   of  elasticity 1,560,000  1,597,000 

Shear  parallel   to   the  grain (973)  770 

Longitudinal  shear  in  beams 335  313 

Compression   perpendicular   to   grain 

at  the  elastic  limit 572  651 

Compression   parallel   to  grain (4,800)  4,406 

It  was  stated  that  "since  the  Georgia  material,  as  shown  in  Circular 
115,  was  of  very  excellent  quality,  being  almost  clear  material,  the  fiber 
stresses  are  considerably  above  the  average.  The  South  Carolina  mate- 
rial   was   of   a    good   merchantable    quality,    and    the    values    shown    for 
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it  may  be  considered  very  good  averages."  In  the  above  table  the 
values  enclosed  in  parentheses  are  for  the  Georgia  material  (the  cor- 
responding ones  for  the  South  Carolina  material  not  being  given  in 
Circular    115),  and   therefore   require   some   reduction. 

One  set  of  values  for  green  longleaf  pine  was  computed  so  as  to 
have  the  same  relation  to  the  stresses  for  green  Douglas  fir  as  the 
corresponding  stresses  bear  to  each  other  for  the  partially  air-dry  tim- 
bers. Another  set  of  values  was  computed  by  applying  the  relation 
between  the  corresponding  stresses  for  longleaf  and  shortleaf  pine  as 
given  in  Circular  15  of  the  Division  of  Forestry  (1897).  The  mean 
of  these  two  sets  was  then  inserted  in  the  table  on  sheet  30. 

The  average  ultimate  stresses  for  redwood  are  based  on  some  tests 
made  by  L.  E.  Hunt  in  connection  with  the  University  of  California. 
The  results  of  the  tests  made  in  1900  and  1901  are  given  in  the  appendix 
to  this  report.  The  tests  of  1895  were  published  in  Special  Bulletin, 
No.  2,  June  I,  1895,  University  of  California,  and  reprinted  in  Berg"s 
Timber   Test   Record. 

The  ultimate  values  for  bald  cypress  were  computed  by  comparison 
with  those  for  longleaf  and  shortleaf  pine,  using  the  relations  between 
these  timbers  for  the  respective  stresses  as  given  m  Circular  15  (1897). 
Those  for  red  cedar  were  derived  in  a  similar  manner  by  using  the 
relations  given  in  Bulletin  No.  12  of  the  U  S.  Division  of  Forestry 
(1896). 

Most  of  the  values  for  white  p'ue.  spruce  and  white  oak  are  based 
on  Lanza's  tests  of  large-size  sticks.  The  average  values  of  the  modulus 
of  rupture  and  of  the  modulus  of  elasticity  given  on  sheet  30  are 
obtained  by  considering  only  the  beams  having  spans  of  12  feet  or  over. 
When  the  beams  with  shorter  spans  are  included  the  corresponding 
averages  of  the  modulus  of  rupture  are  4,451,  5,046,  and  5,863;  and  of 
the  modulus  of  elasticity  1,183,000,  1,332,500,  and  1,131,000  pounds  per 
square  inch. 

The  ultimate  shear  parallel  to  the  grain  for  white  oak  is  taken 
from  the  Watertown  tests  and  the  compression  parallel  to  the  grain 
for  white  pine  is  taken  from  the  same  source.  The  elastic  limit  in 
compression  perpendicular  to  the  grain  for  white  pine  was  obtained  by 
comparison  with  longleaf  and  shortleaf  pine,  according  to  the  relation 
given  in   Circular   15. 

According  to  Circular  115  the  ratio  of  the  average  elastic  limit  in 
bending  to  the  average  modulus  of  rupture  when  expressed  as  a  per- 
centage, is  as  follows :  Douglas  fir,  65.6 ;  Western  hemlock,  64.2 ;  long- 
leaf  pine,  53.1;  loblolly  pine,  56.1;  Norway  pine,  64.1,  and  tamaracl* 
61.6;  the  average  for  all  the  timbers  being  60.8  per  cent. 

The  corresponding  ratios  of  the  elastic  limit  to  the  ultimate 
strength  in  compression  parallel  to  the  fiber  are  as  follows :  Douglas 
Norway  pine,  81.6,   and   tamarack,   74.1;   the   average   for   all   the  timbers 
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fir,  79.1;  Western  hemlock,  76.6;  longleaf  pine,  72.5;  loblolly  pine,  69.3; 
being  75.5  per  cent. 

In  the  recent  tests  of  the  U.  S.  Forest  Service  the  elastic  limit  is 
found  for  compression  on  the  side  of  the  fiber  or  perpendicular  to  the 
grain.  Formerly  the  compression  was  found  for  a  deformation  of  3 
per  cent,  in  the  thickness  of  the  stick  as  a  guide  to  determine  the  safe 
stress.  In  examining  the  relation  between  the  two  methods  it  was 
found  "that  the  elastic-limit  strength  of  Western  hemlock  in  side  com- 
pression is  about  71  per  cent,  of  its  strength  at  3  per  cent,  deformation. 
The  average  elastic-limit  deformation  for  the  30  tests  in  this  summary 
was  1.09  per  cent.  The  average  elastic-limit  deformation  of  54  partly 
air-dry  Southern  pine  specimens  was  but  0.55  per  cent." 

The  safe  unit  stresses  were  determined  by  carefully  considering 
both  the  average  ultimate  stresses,  which  represent  the  best  results 
of  tests  now  available,  as  well  as  the  unit  stresses  which  have  been  in 
use  in  designing  wooden  bridges  and  trestles,  and  have  been  demon- 
strated by  extensive  experience  to  be  safe. 

The  relation  between  the  strength  of  the  lowest  10  per  cent,  group 
of  tests  and  the  average  strength  for  each  series,  the  relation  between 
the  elastic  limit  and  the  ultimate  strength,  as  well  as  the  fact  that  the  live 
load  stresses  are  not  to  be  increased  for  impact,  are  all  to  be  taken 
into  account  in  determining  the  general  relation  between  the  safe  stress 
and  the  average  ultimate  stress ;  it  being  always  rememl)ered  that  't  is 
more  rational  to  relate  the  safe  unit  stress  to  the  elastic  limit  of  the 
material  than  to  its  ultimate  strength.  When  three  sticks  are  used  in 
one  packed  stringer  it  is  iniprobai;lc  that  all  should  have  a  relatively 
low   strength. 

Since  the  average  modulus  of  elasticity  for  the  lowest  10  per  cent. 
group  is  about  70  per  cent,  of  the  general  average  for  any  series  it 
will  be  on  the  safe  side  to  use  this  lower  value  in  computing  the 
dcllection  of  a  single  stick,  due  to  any  temporarily  applied  static  load ; 
but  for  a  load  applied  for  a  very  long  time,  only  one-half  of  the  modu- 
lus of  elasticity  should  be  used  in  finding  the  deflection. 

As  large  columns  not  over  15  diameters  in  length  may  not  develop 
more  than  about  70  per  cent,  of  the  strength  of  short  blocks,  the  column 
formulas  are  arranged  to  give  approximately  these  relative  values  at  the 
given  limit  of  length  when  L  the  length  of  the  column  in  inches  equals 
15  times  its  least  diameter  D,  also  expressed  in  inches.  The  formulas 
when  plotted  on  a  sheet  give  radiating  straight  lines. 

It  is  expected  that  these  unit  stresses  will  be  revised  at  intervals 
of  a  few  years,  whenever  new  results  of  timber  tests  arc  published,  or 
when  the  experience  of  bridge  engineers  who  have  adopted  them  shall 
indicate  that  revision  is  desirable. 
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Amend  headings  in  Sheet  No.  30  to  read  "Working  Stresses,"  instead  of  "Safe 
Stresses." 

Add  footnote,  as  follows:  "Note. — The  workins  unit  stresses  given  in  this  table 
are  intended  for  railroad  bridges  and  tre&lles.  For  higluvay  bridges  and  trestles  the 
unit  stresses  may  be  increased  twenty-five  (2!'))  per  cent.  For  buildings  and  similar 
structures  in  which  the  tim))er  is  protected  from  the  weather  and  practically  free 
from  impact,  the  unit  stresses  may  be  increased  fifty  (50)  per  cent.  To  compute  the 
deflection  of  a  beam  under  long-continued  loading  .instead  of  that  when  the  load  is 
first  applied,  only  fifty  (.^id)  per  cent,  of  the  corresponding  modulus  of  elasticity  given 
in  tiie  table  is  to  be  empln\ed." 
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Appendix    C. 
PILES    AND    PILE    DRIVING. 

DEFINITIONS. 

1.  Pile. — A  member  usually  driven  or  jetted  into  the  ground  and 
deriving  its  support  from  the  undei  lying  strata,  and  by  the  friction 
of  the  ground  on   its   surface. 

The  usual  functions  of  a  pile  are:  (a)  To  carry  a  superimposed 
load;  (b)  To  compact  the  surrounding  ground;  (c)  To  form  a  wall 
to  exclude  water  and  soft  material,  or  to  resist  the  lateral  pressure 
of   adjacent   ground. 

2.  Head  of   Pile. — The   upper   end   of  a   pile. 

3.  Foot  of   Pile. — The  lower  end  of   a  pile. 

4.  Butt  of   Pile. — The  larger  end  of  a  pile. 

5.  Tip  of   Pile. — The   smaller   end   of   a   pile. 

6.  Be.\ring    Pile. — One    used    to   carry    a    superimposed    load. 

7.  Screw  Pile. — One  having  a  broad-bladed  screw  attached  to  its  foot 
to    provide    a    larger    bearing    area. 

8.  Disc  Pile. — One  having  a-  disc  attached  to  its  foot  to  provide  a 
larger   bearing    area. 

9.  Spur  Pile. — One  driven  at  an  inclination  to  resist  the  resultant 
of    vertical    and    horizontal    forces. 

10.  Sheet  Piles. — Piles  driven  in  close  contact  in  order  to  provide 
a  tight  wall,  to  prevent  leakage  of  water  and  soft  materials,  or 
driven    to    resist    ihe    lateral    pressure    of   adjacent    ground. 

11.  Pile  Driver. — A   machine    for   driving   piles. 

12.  Hammer. — A  weight  used  to  deliver  blows  to  a  pile  to  secure  its 
penetration. 

13.  Drop  Hammer. — One  which  is  raised  by  means  of  a  rope  and 
then    allowed    to   drop. 

14.  Steam  Hammer. — One  which  is  automatically  rai.sed  and  dropped 
a  comparatively  short  distance  by  the  action  of  a  steam  cylinder 
and   piston    supported    in    a    frame    which    follows    the    pile. 

15.  Leads  or  Leaders. — The  upright  parallel  members  of  a  pile  driver 
which  support  the  sheaves  used  to  hoist  the  hammer  and  piles,  and 
which  guide  the   hammer   in   its   movement. 

16.  Cap.  Hood,  Bonnet. — A  metal  block  used  to  protect  the  head  of 
a   pile   and   to   hold   it   in   the   leads    during  driving. 

17.  Ring. — A  metal  hoop  used  to  bind  ihe  head  of  a  pile  during 
driving. 

18.  Shoe. — A   metal   protection    for   the    point   or    foot   of   a    pile. 

19.  Follower. — A  member  interposed  between  the  hammer  and  a  pile 
to  transmit  the  blows  to  the  latter  when  below  the  foot  of  the 
leads. 
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HISTORICAL. 

Piles,  or  posts  driven  partly  into  the  ground  by  blows  of  a  hammer, 
are  prehistoric  in  origin,  and  even  the  presumably  later  development  of 
what  are  now  termed  "foundation"  and  "sheet  piles"  is  too  ancient  to 
be  a  matter  of  record. 

The  primitive  pile  driver  was  a  large  maul  or  beetle  wielded  by 
one  or  more  men,  the  effectiveness  of  which  was  limited,  since  the 
weight  and  drop  depended  upon  the  reach  and  strength  of  the  human  arm. 

A  heavier  hammer  raised  by  a  pulley  or  roller  supported  at  some 
distance  above  the  pile  head  must  have  been  the  first  great  improve- 
ment in  equipment.  A  number  of  men  were  thus  able  to  use  their 
strength,  and  by  all  letting  go  together  the  rope  w^as  drawn  back  by 
the  descending  hammer. 

The  insertion  of  a  releasing  hook  in  the  connection  of  the  line  to 
the  hammer  and  winding  spools  or  crabs  permitted  the  use  of  heavier 
hammers,  the  more  effective  use  of  man's  strength  and  the  use  of 
horses. 

The  greatest  impetus  to  the  art  was  the  introduction  of  the  steam 
engine,  which  was  probably  first  used  (*)  by  John  Rennie,  1801,  1802, 
for  driving  the  piles  of  the  cofferdam  of  the  Bell  Dock  entrance  to  the 
London  Docks.  The  engine  employed  .was  of  8  H.  P.  and  was  con- 
structed by  Messrs.  Boulton  &  Watt.  From  this  time  on  considerable 
attention  was  devoted  to  improvements  in  apparatus  and  new  devices 
were  employed   more   rapidly. 

In  1834  Alexander  Mitchell,  the  inventor  of  the  screw  mooring,  hav- 
ing made  some  experiments  with  screw  piles,  proposed  their  use  for  a 
lighthouse  at  the  entrance  to  the  River  Avon.  His  suggestions  and 
plans  were  not  carried  out,  and  it  was  not  until  1838  that  they  were 
used  on  the  Maplin  Sand  Lighthouse.  These  piles  were  of  wrought 
iron,  5  in.  in  diameter  and  26  ft.  long,  with  a  4-ft.  cast-iron  screw  of 
one  and  one-quarter  revolutions,  keyed  on  near  the  end.  The  projecting 
end  of  the  pile  was  provided  with  a  screw  point,  and  the  piles  were 
screwed  16  feet  into  the  sand  by  handpower  applied  at  a  capstan  head 
on  a  raft  above. 

The  steam  hammer,  patented  in  France  by  Francois  Bourdon  in  1841, 
and  in  England  by  James  Nasmyth  in  1842,  was  first  used  on  a  pile 
driver  about  1845.  This  apparatus  attained  immediate  approval  and 
thereafter  was  in  quite  general  use  in  England  on  works  of  magnitude. 

Labelye,  in  building  the  Westminster  bridge  in  1738,  used  an  appa- 
ratus for  cutting  off  piles  under  water.  This  was  a  wooden  frame 
containing  a  cross-cut  saw  and  was  moved  backward  and  forward  by 
men  standing  on  the  platform  above.  A  much  more  complicated  machine, 
invented  by  De  Cessart  in  1756,  could  be  operated  with  great  precision 
and  was  applicable  to  a  greater  depth   of  water. 


♦The    water   jet    as    an    aid     to     Engineering     Construction,     by     L.. 
Schermerhorn,  1880. 
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The  earliest  authenticated  (*)  use  of  the  water  jet  in  sinking  piles 
appears  to  have  been  introduced  on  the  construction  of  a  wharf 
at  Decrows  Point,  Matagorda  Bay,  Texas,  in  1852,  and  to  have  arisen 
from  a  suggestion  made  by  Lieut.  Geo.  B.  McClellan,  Corps  of  Engineers, 
U.  S.  A.  The  water  was  pumped  by  an  ordinary  hand  pump  through  a 
rubber  hose  with  a  gas  pipe  nozzle,  the  nozzle  being  placed  close  to  the 
point  of  the  pile. 

In  1854  the  foundation  piles  for  the  Pungateague  Light,  Chesapeake 
Bay,  were  driven  by  the  aid  of  a  water  jet.  These  piles  were  hollow 
cast-iron  pipes  with  flaring  bases,  and  the  water  from  a  hand  force 
pump  was  carried  through  a  one-inch  iron  pipe  inside  of  the  pile. 

Unless  the  above  piles,  with  their  flaring  or  bell-mouthed  ends,  are 
considered  as  a  modified  disc  pile,  the  earliest  use  of  the  disc  type  sunk 
by  jetting  seems  to  have  been  adopted  by  James  Brunlees  in  1856,  on 
the  foundations  of  the  Leven  Viaduct,  Morecambe  Bay,  England.  Hol- 
low cast-iron  pipes  were  used,  10  in.  in  external  diameter,  bolted  through 
outside  flanges  and  having  the  base  of  the  pile  closed  by  a  disc  2j^  ft. 
in  diameter.  Ribs  or  cutters  were  formed  on  the  bottom  of  the  disc 
and  a  3-in.  hole  provided  for  the  water  jet.  Water  was  forced  through 
a  2-in.  iron  pipe,  passing  down  inside  the  pile,  from  a  pump  driven  by 
a  donkey  engine,  and  a  rotary  motion  was  given  to  the  pile  to  bring 
the  cutters  into  play. 

The  first  metal  sheet  piles  were  probably  those  used  by  .Mathews 
in  England,  about  1822,  and  in  that  year  the  first  patent  was  granted 
to  Ewart  for  a  cast-iron  sheet  pile  of  the  ball  and  socket  type.  Subse- 
quently other  types  were  made  of  cast-iron,  but  owing  to  the  char- 
acter of  the  material  no  very  extended  application  occurred  until,  with 
the  more  widespread  use  of  steel,  various  inventors  turned  their  atten- 
tion to  the  subject. 

The  first  rolled  section  of  sheet  piling  patented  in  the  United  States 
was  the  ball  and  socket  arrangement  devised  by  Lewis  Dodge  in  1870. 
This  was  the  forerunner  of  the  "United  States"  type  patented  by  S.  K. 
Behrend  in  1899,  and  of  the  many  subsequent  varieties  of  interlocking 
rolled  sections.  In  1893  August  Simon  of  Gnadau,  Germany,  patented 
the  first  of  the  built-up  sections,  which  in  a  modification  now  known 
as  the  "Jackson"  tjpe,  was  the  first  steel  sheet  piling  driven  in  this 
country  (Randolph  Street  Bridge,  Chicago,  in  1901).  Further  modifica- 
tions of  the  built-up  construction  followed,  i.  e..  the  interlocking  chan- 
nel, "Friestedt"  type,  in  1902,  the  beam  clip  "Friestedt"  type  in  1903, 
and   the   succeeding  modifications  of  various   inventors. 

SHEET    PILING. 

In  the  accompanying  cuts.  Figs,  i  and  2,  are  illustrated  the  various 
types   of   wooden   sheet  piling,    and   also   the    basic   types    of   steel    sheet 


•G.    Rennle,    discussion    of   James   Milne's    paper,    Description    of   Piling 
Machine  Used  at  Montrose  Harbor  Works. — Proc.  Inst.  C.  E.,  Vol.  52  (1844). 
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piling,  together  with  those  in  most  general  use.  A  surprisingly  large 
number  of  patents  have  been  taken  out  for  steel  sheet  piles,  some  of 
which  are  merely  protecting  patents  and  many  of  which  are  not  on  the 
market.  Some  types  are  not  commercially  practicable,  owing  to  diffi- 
culties in  manufacture,  while  others  have  not  been  brought  forward  in 
competition  with  more  established  makes.  It  is  not  intended  at  the 
present  time  to  consider  the  question  of  desirable  sections,  and  the 
sections  shown  are  therefore  submitted  as  fairly  representing  the  devel- 
opment of  the  art. 

REPLIES    TO    CIRCULAR    LETTERS. 

Circular  -letters  were  sent  to  the  members  of  the  Association  and 
to  a  large  number  of  outside  engineers  and  contractors,  and  the  follow- 
ing replies,  giving  the  views  of  47  railroad  engineers  (representing  37 
roads)  and  14  other  engineers  and  contractors,  were  received: 


Give  the  weight  of  bamnier  and  height  of  drop  and  whether  you  recommend  steam  or 
drop  hammer  for  various  combinations  of  tlie  following  conditions:  (a)  Water  Driver, 
(b)  Land  Driver,  (c)  Track  Driver,  (d)  Soft  Driving,  (e)  Medium  Driving,  (f)  Hard 
Driving,  (g)  Foundation  Piling,  (h)  Trestle  Piling,  (i)  Sheet  Piling,  (j)  Timber  Piling,  (k) 
Concrete  Pihng. 


Weight 

of 
Hammer. 

Water  Driver. 

Land  Driver. 

Track  Driver. 

Kind 
of 

Character  of 
Driving. 

Character  of 
Driving. 
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2 
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As  a  railroad  tool  for  miscellaneous  work,  do  you  prefer  a  drop 
or  a  steam  hammer? 

Steam  hammer   9 

Drop  hammer    43 

Steam   hammer    for    track    driver,    drop    hammer    for 

land  driver   i 

Steam    hammer    for    light    work,    drop    hammer    for 

heavy  work    I 

Steam    hammer    for    heavy    work,    drop    hammer    for 

light   work    i 

Steam  hammer  where  investment  is  warranted i 

No  experience  with,  but  approve  theoretically i 

Total  replies    57 

Committee  VII  of  the  Association  of  Railway  Superintendents  of 
Bridges  and  Buildings  in  1904  reported  in  favor  of  steam  hammers 
for  all  kinds  of  pile  driving,  although  their  investigation  showed  com- 
paratively few  steam  hammers  in  use  on   railroad  work. 

In  both  of  the  above   investigations   the  preponderence   of   replies   in 
favor  of  drop  hammers  is  undoubtedly  due  in  part  to  relative  unfamili- 
arity  with  the  actual  use  of  steam  hammers. 
When  do  you   recommend  using  rings? 
When  do  you  recommend  using  followers  or  caps? 
Caps. — 

For  general  use   22 

Except  in  soft  driving i 

Rings. — 

For  general  use   5 

Except  in  soft  driving.  ; 12 

In  hard  driving  only 12 

Total   replies    52 

Follower. — 

If  necessary  to  drive  below  bottom  of  leads 18 

To  drive  below  ground  surface 4 

To   reduce   the   amount   of   cut-off  of   valuable   timber 

(creosoted) 5 

Undesirable,  avoid  if  possible 6 

Total   replies 33 

When  do  you  recommend  using  shoes? 

In  one  or  more  of  the  following:  Boulders,  rip  rap, 
coarse  gravel,  shale,  slate,  hard  pan,  buried  tim- 
ber, very  hard  clay  40 

In  cemented  material  only  i 

To  obtain  a  toe  hold  in  rock,  etc 8 

Are    of   little   value    4 

Never    5 

Total  replies    58 
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Have  you  ever  used  a  water  jet?     If  so,  under  vvliat  conditions? 

In  sand,  quicksand,  gravel,   etc 40 

To  loosen  piles  which  are  being  pulled 3 

Have  never  used  a  water  jet 14 

Unsatisfactory  in  clay   3 

Do  not  approve  of  use,  cannot  estimate  safe  load....     i 

Total   replies    61 

Have  you  driven  "butt  down"?     If  so,  under  what  conditions? 

In  sand  or  loam,  using  a  water  jet 2 

In  soft  driving   i 

In  sand  on  account  of  the  pulling  action  of  ice i 

In  rock  overlaid  with  mud i 

When  splicing  is   necessary 1 

For   ferry  slips   i 

When   butts   were   too   large   to   enter   leads i 

For   tests   .only ". .  i 

When  piles  were  very  long  and  also  when   rock   was 

close  to  the  surface i 

In  quicksand  and  also  for  false  work i 

Have  never  driven   "butt  down" 41 

Total   replies    52 

OVERDRIVING    PILES. 

The  most  prevalent  bad  practice  in  pile  driving  is  overdriving,  i.  e  , 
injuring  the  material  of  a  pile  by  too  violent  or  too  continued  hammer- 
ing. When  such  injury  occurs  above  ground,  in  the  form  of  brooming 
or  splitting,  and  can  be  prevented  by  the  use  of  rings  or  caps,  it  is  not 
regarded  as  an  indication  of  overdriving.  The  use  of  such  protective 
appliances  as  rings,  caps,  or  shoes  is  a  legitimate  means  for  securing 
the  necessary  penetration  of  softwood  timber  and  of  even  hardwood 
timber  in  difficult  ground.  When,  however,  the  resulting  injury  occurs 
below  the  surface  of  the  ground,  and  therefore  in  that  portion  of  the 
pile  which  will  be  a  part  of  the  finished  structure,  the  pile  may  be  said 
to  be  overdriven.  Injuries  of  this  nature  may  consist  of  a  slight 
brooming  of  the  foot  of  the  pile  and  so  be  negligible,  or  they  may  be 
of  sufificient  importance  to   imperil  the   stability  of  the  structure. 

Several  types  of  failures  are  illustrated  in  Figs.  3,  4  and  5.  The 
piles  shown  in  Fig.  3  were  almost  shredded  into  their  component  fibers 
for  considerable  lengths.  One  of  the  piles  in  Fig.  4  sheared  longitudi- 
nally, allowing  the  broken  ends  to  pass  each  other  and  resulting  in  a 
pile  whose  length  was  merely  that  of  the  upper  .portion.  The  other 
pile  shown  in  this  figure  buckled  locally,  forming  an  elbow  joint,  and 
remained  attached  to  the  lower  section.  Fig.  5  shows  the  brooming  of 
the  point  of  a  pile  by  continued  driving  in  cemented  gravel. 
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Fig.  3.     Overdriven   Piles  from  the  Foundation  of  the  Naval  Engi- 
neering Building,  Massachusetts  Institute  of  Tech- 
nology,  Park   Square,   Boston,   Mass. 
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It  is  frequently  claimed  by  contractors  and  their  foremen,  and  with 
apparent  reason,  that  engineers  specify  conditions  regarding  penetration 
due  to  the  last  blows  which  are  too  severe.  Pile  driving  can  never  be 
an  exact  science,  and  the  "practical  man"  seems  to  have  some  reason 
for  his  poor  opinion  of  a  specification  which  applies  with  equal  force  to 
every  known  and  unknown  condition  of  the  ground. 

Unfortunately,  it  is  sometimes  difficult  to  distinguish  between  the 
action   of  an   overdriven   pile  and   that   of  a   perfectly   sound   pile   in    ccr- 


FiG.  4.     Overdriven  Piles  in  Temporary  Construction  for  a  Highway 
Bridge,  Near  Danville,  Illinois. 

tain  ground.  Practice  in  the  art  and  some  investigation  of  the  under- 
lying conditions  are  perhaps  the  surest  guides  to  success. 

In  general,  overdriving  may  be  due   to  one  or  more  of  the   follow- 
ing  causes:     (i)  The   use    of   the   word    "refusal"    in    the    specifications. 

(2)  A  belief  in   the  prevalence  of  intermediate  or   floating  hard   strata. 

(3)  The  use  of  a  light  hammer  and  a  long  drop.  (4)  Attempting  to 
force  aside  mythical  small  boulders.  (5)  An  unnecessary  effort  to  make 
the  pile-driving  record  suit  a  formula  which  was  not  intended  by  the 
proposer  thereof  to  apply  to  such  cases'. 
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It  is  usually  claimed,  in  cases  of  overdriving,  that  no  evidence  of 
injury  was  shown  during  the  driving.  This  claim  is  open  to  consider- 
able doubt,  and  a  more  careful  examination  of  the  underlying  strata 
should  prevent  many  failures. 

A  pile  passing  through  soft  material  and  bringing  up  on  rock  cannot 
be  driven  into  the  rock.  This  condition  indicates  that  another  type  of 
foundation  may  be  needed.  Pile  foundations  in  ground  hard  enough  to 
broom  and  split  hardwood  piles  can  often  be  otherwise  designed  with 
advantage. 


Fig.   5.      Point  of   Overdriven   Pile  Exc.wated  During  the   Construc- 
tion  OF  the   Found.\tion    of   the    Columbia    River 
Bridge  at  Victoria,  Washington. 


Many  kinds  of  ground,  easily  penetrated  under  continual  driving, 
develop  a  skin  friction  in  excess  of  the  probable  requirements.  Short, 
quick  blows  of  a  heavy  hammer  produce  the  best  results.  A  sudden 
change  in  the  amount  of  penetration  should  be  considered  a  suspicious 
occurrence.  Finally,  pile  driving  is  a  means,  not  an  end,  and  a  whole 
pile  in  almost  any  ground  is  better  than  pieces  of  a  pile  in  good  ground. 

The  piles  referred  to  in  Fig.  3  were  spruce,  6-in.  tip,  lo-in.  butt  and 
30  ft.  long,  driven  with  rings  but  without  shoes.  They  were  driven 
in  made  land,  filled  with  gravel  and  boulders,  by  a  2,500-lb.  drop  hammer, 
with  a  maximum  drop  of  25  ft.  and  a  final  penetration  of  i  in.  due  to  a 
15-ft.  drop.  It  is  reported  that  no  evidence  of  injury  appeared  during 
the  driving,  failure  being  indicated  by  displacement  or  a  suspicious 
appearance  when  partly  exposed  by  the  excavation. 

The  piles  in  Fig.  4  were  oak,  8-in.  tip  and  20  to  25   ft.  long.     The 


576 


WOODEN    BRIDGES    AND    TRESTLES. 


soil  consisted  of  s  or  6  ft.  of  loam,  underlaid  with  glacial  drift  con- 
taining few  large  stones,  followed  by  hard  clay.  A  2,oco  lb.  drop 
hammer  was  used  and  the  piles  driven  to  "refusal"  with  a  total  penetra- 
tion of  about  i8  ft. 

The  ground  into  which  the  piles  of  Fig.  6  were  driven  consisted  of 
a  disintegrated  strata  of  schist,  containing  considerable  mica.  At  first 
glance  this  ground  resembled  sand,  but  actually  contained  so  much  fine 
material  that  under  the  action  of  water  it  appeared  to  melt.  It  was 
suggested  that  if  water  were  extensively  used  around  the  piles  they 
would  drive  easily  into  place.  This  suggestion  was  not  acted  upon  and 
the  driving  was  done  with  a  4,000-lb.  hammer  having  a  drop  of  from  20 
to  25  ft.  While  the  piles  are  said  to  have  had  a  regular  penetration 
toward  the  end  of  the  driving  of  about  i  in.  per  blow,  it  was  found  upon 
excavating  tiiat  they  were  in  the  condition  indicated  in  the  sketch. 

The  dotted  portion  of  the  piles  is  intended  to  indicate  the  direction 
taken  and  not  the  amount  of  divergence. 


RECORD  OF  PILES  IN  FIG.  6. 
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10 
10.5 
15 
16 

io 

10 

io 

10 

Right. 

Back. 

Right. 

Right. 

Back. 

Broke. 
Straight. 
Right. 

Left. 

Right. 
I,eft. 

Right. 
Straight. 
Straight. 
Straight. 

Right. 
Straight. 

Left. 
Straight. 

LIST  OF  QUESTIONS  ON  PILES  AND  PILE  DRIVING. 
Circular  No.  104.  Issued  July,  1908. 
I.  Give  weight  of  hammer  and  height  of  drop,  and  whether  you 
recommend  steam  or  drop  hammer  for  various  combinations  of  the  fol- 
lowing conditions:  a,  Water  Driver;  1),  Land  Driver;  c,  Track  Driver; 
d.  Soft  Driving;  e.  Medium  Driving;  f,  Hard  Driving;  g.  Foundation 
Piling;  h.  Trestle  Piling;  i,  Sheet  Piling;  j,  Timber  Piling;  k,  Concrete 
Piling.  2.  As  a  railroad  tool  for  miscellaneous  work,  do  you  prefer  a 
drop  or  a  steam  hammer?  3.  When  do  you  recommend  using  rings? 
Please  give  dimensions.  4.  When  do  you  recommend  using  shoes? 
Please    send    detail.      5.  When    do   you    recommend    using    followers    or 
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Fig.  6.    Overdriven  False- Work  Piles,  Near  Marion,  N.  C. 
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caps?  6,  Have  you  used  a  water-jet?  If  so,  under  what  conditions? 
7.  Have  you  ever  driven  piles  "butt  down"?  If  so,  under  what  condi- 
tions? 8.  Can  you  furnish  detailed  information  or  photographs  of  over- 
driven piles?  9.  Can  you  furnish  records  of  pile  driving  in  which  the 
data  are  accurate  and  such  as  to  aid  in  the  study  of  the  principles  and 
methods  involved? 

Circular  No.  105.  Issued  July,  1908. 
I.  Please  describe  (including  weight  of  hammer,  length  of  leads, 
kind  and  size  of  hoisting  engine,  men  in  crew)  what  you  consider  the 
best  type  of  pile  driver  for:  ist,  Water  Driver;  2d,  Land  Driver;  3d, 
Track  Driver ;  4th,  Land  Driver  supported  on  and  driving  trestle  piles. 
2.  What  do  you  consider  the  best  types  of  steam  hammer  for  various 
conditions?  3.  What  do  you  consider  the  best  type  of  swinging  leads, 
and  at  what  batter  can  piles  be  driven  thereby?  4.  Please  send  sketch, 
photographs,  or  drawings  of  any  or  all  of  the  best  types  referred  to 
above.  5.  What  amount  of  coal  and  water  should  the  types  described 
use  in  a  ten-hour  day,  and  how  many  piles  should  be  driven  under:  ist, 
favorable  conditions?  2d,  average  conditions?  6.  What  penetration, 
weight  of  hammer  and  drop  do  you  consider  proper  for  various  condi- 
tions? 7.  What  are  your  views  on  the  subject  of  splices?  Please  send 
sketch.  8.  To  what  extent  do  you  peel  piles?  9.  What  is  your  experi- 
ence as  to  creosoted  piles  standing  hard  driving? 
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"Preservation  of  Piling  Against   Marine  Wood  Borers."     C.   Stowell 
Smith.    Forest  Service,  Circular  128,  U.  S.  Dept.  Agriculture,  1908. 

RECORDS    AND    FORMS. 

"St.  Louis  River  Bridge,  N.  P.  R.  R."  E.  H.  Beckler.  Jour.  Assoc. 
Eng.  Soc,  1886,  V.  50. 

"Wooden  Trestle  Bridges."     W.  C.  Foster.     1902. 
"Portland  Bridge  District  Commission."    Eng.  News,  1907,  v.  58,  p.  66. 
"Norfolk  &  Western  Railway."     Eng.  News,  1907,  v.  57,  p.  596. 
"Inspector's  Records."    A.  T.  Byrne.     Inspector's  Pocketbook,  p.  216. 

REMOVING   AND   SAWING. 

"Sawing,  Using  Individual  Cofferdams — Railway  from  Amsterdam 
to  Rotterdam."    F.  W.  Conrad.    Proc.  Inst.  C.  E.,  1884,  v.  3. 

"Murray's  Sawing  Device.  Thames  Embankment  Cofferdams."  T.  D. 
Ridley.     Proc.  Inst.   C.  E.,   1870,  v.  21. 

"Blasting;  Account  of  Removal  from  Connecticut  River."  J.  A. 
Monroe.    Trans.  Am.  Soc.  C.  E.,  1872,  v.  i. 

"Invention  of  Submerged  Saw  (1756),  Foundations."  Jules  Gaudard. 
Proc.  Inst.  C.  E.,  1876,  v.  50. 

"Drawing  Piles  by  Tidal  Action  in  Cuxhaven  Harbor."  H.  Lentz. 
Deutsche  Bauzeitung,  1879.     Proc.  Inst.  C.  E.,  1880,  v.  59. 

"Notes  on  the  Friction  of  Timber  Piles  in  Clay."  A.  C.  Hurtzig. 
Proc.  Inst.  C.  E.,  1880,  v.  64. 

"Sawing  Under  Water,  Ruhrort,  Germany."     Eng.  News,  v.  17,  p.  219. 

"Pulling  False-Work  Piling,  Poughkeepsie  Bridge."  Eng.  News,  1887, 
V.  18,  p.  413. 

"Clamp  for  Pulling  Sheet  Piling."  Chas.  E.  Emery.  Trans.  Am.  Soc. 
C.  E.,  1889,  v.  20. 

"Cutting  off  Piles  by  Dynamite."     Eng.  Rec.  1897,  v.  36,  p.  291. 

"Sawing  Under  Water,  Charles  River  Bridge,  Boston."  Eng.  News, 
1 901,  V,  46,  p,  282. 

"Methods   and   Costs   of   Pulling  and   Blasting."     Eng.    News,    1903, 

V.  49,  p.  338. 

"Screw  Jacks."     E.  M.  Malmquist.     Eng.  News,  1903,  v.  49,  p.  348. 

"Rigging  to  Pull  Timber  Piles."  Wm.  P.  Parker.  Eng.  News,  1903, 
V.  49,  p.  348. 

"Blasting."    G.  W.  Stadly.    Eng.  News,  1903,  v.  49,  p.  432. 

"Cutting  Steel  Piling  by  Electric  Arc."  Eng.  News,  1907,  v.  57,  p.  375; 
Eng.  Record,  1906,  v.  54,  p.  634. 

"Blasting   oft'    Piles."     Engr.    Contract.,    1907,    v.    28,    p.    186. 

"Pulling  Steel   Sheet  Piling."     Engr.  Contract.,  1907,  v.  27,  p.   187. 

"Cutting  off  Steel  Sheet  Piling  by  Electricity."  Engr.  Contract., 
1907,  v.   27,   p.  287. 

"Cutting  off  Piles  Under  Water  at  Raritan  River,"  Ry.  and  Eng. 
Rev.,  1908,  V.  48,  p.  218. 
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SCREW  PILES. 

"Screw  Piles  and  Mooring."  Alex.  Mitchell.  Proc.  Inst.  C.  E., 
1848,  V.  7. 

"The  Supporting  Power  of  Piles  (discussion)."  Wm.  J.  McAlpine. 
Proc.  Inst.  C.  E.,  1868,  v.  27. 

"The  New  Ross  Bridge."     H.  N.  Maynard.     Proc.  Inst.  C.  E.,  1871, 

"Screwing  Cast  Iron  Piles."  J.  T.  Potts.  Liverpool  Eng.  Soc, 
Nov.,  189 1. 

"Screw  Piles  for  Bridge  Piers  in  India."  Eng.  News,  1892,  v.  28, 
p.  116. 

"Screw  Piles  at  Koenigsberg,  Germany,  on  K.  &  L.  R.  R."  Eng. 
News,  1892,  V.  27,  p.  532. 

"Uniform  Practice  in  Pile  Driving."  J.  F.  Crowell.  Trans.  Am.  Soc. 
C.  E.,  1892,  V.  27,  p.  165. 

"Solid  Steel  Piles,  Pier  at  Kotonou,  Africa."  Eng.  News,  1892, 
V.  28,  p.  320. 

"Tubular  Piles,  Pier  at  Blankenberg,  Belgium."  Eng.  News,  1895, 
V.  31,  p.  360. 

"Solid  Steel  Piles,  the  Victoria  Bridge  over  the  River  Dee  at  Queens- 
ferry."    T.  W.  Barber.    Proc.  Inst.  C.  E.,  1899,  v.  138. 

Abstract  of  above.     Eng.  News,  1900,  v.  43,  p.  46. 

"Hydraulic  Pile  Screwing."  C.  W.  Anderson.  Proc.  I'-.st.  C.  E.,  1899, 
V.  139. 

Abstract  of  above.     Eng.   News,   1900,  v.  44,  p.  go. 

"Pennsylvania  Railroad  Tunnel  Under  North  River,  N.  Y."  Eng. 
News,  1903,  V.  50,  p.  338. 

SHEET  PILING. 

"Guide  for  Sheet  Piling  in  Deep  Water,  Account  of.  Austrian  Naval 
Station  at  Pola."    H.  E.  Towle.    Proc.  Inst.  C.  E.,  1871,  v.  32. 

"Sheet  Piling  Jetties  at  Wilmington,  Cal.  Principals  of  Tidal  Harbor 
Improvement."    Clinton  B.  Sears.     Trans.  Am.  Soc.  C.  E.,  1876,  v.  5. 

"Wakefield  System."     Eng.   News,   1890,  v.  23,  p.   199. 

"Wakefield  System."     Eng.  News,  1892,  v.  28,  pp.  260,  326. 

"R.  L.  Harris  System."     Eng.  News,  1890,  v.  23,  p.  280. 

"Ring-braced  Timber  Sheeting."  Geo.  A.  Rogers.  Eng.  News, 
1905,  V.  53,  p.  624. 

"Ordinary  Foundation."    Chas.  Evan  Fowler.     1905. 

"Scarf  Point  for  Timber  Sheeting."  A.  A.  Parker.  Eng.  News,  1906, 
V.  55,  p.  609. 

SHEET  PILING  STEEL. 

"Jackson  System."  Eng.  News,  1901,  v.  45,  p.  122. 
"Jackson  System."  Eng.  News,  1903,  v.  49,  p.  222. 
"Freistedt  System."  Eng.  News,  1903,  v.  49,  p.  528. 
"Wittekind  System."  Eng.  News,  1903,  v.  50,  p.  215. 
"Freistedt  System."    Eng.  News,  1904,  v.  52,  p.  386. 
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"United  States  System"   (Bchrciul).     Eiig.  News,  1904,  v.  52,  p.  286. 

"United  States  Steel  Sheet  Piling."  Ry.  and  Eng.  Review,  1904, 
V.  44,  p.  841. 

"Steel  Sheet  Piling."     Eng.  News,  1905,  v.  54,  P-  545- 

"Ordinary  Foundations."    C.  E.  Fowler.     1905. 

"National  System."     Eng.  News,  1906,  v.  56,  p.  388. 

"Vanderloot  System."     Eng.  News,  1906,  v.  56,  p.  667. 

"Sinking  Mine  Shaft  Through  Water  Bearing  Sand."  Eng.  News, 
1906,  V.  55,  p.  296. 

"Experience  with  Steel  Sheet  Piling  in  Hard  Soils."  Wm.  G.  Fargo. 
Proc.   Mich.  Eng.   Soc,   1907,   Eng.   News,   1907,  v.  57,  p.   374. 

"Timbering  of  Excavations."     Proc.  Jun.  Inst.  C.  E.,  1907. 

"New  Uses  for  Steel."  R.  B.  Woodsworth.  Proc.  Ry.  Club,  Pitts- 
burg, Apr.,  1908. 

"Nye  Steel  Sheet  Piling."     Eng.  News,  1908,  v.  59,  p.  133. 

SHOES. 

"Cast-Iron  Shoes."  Thames  Embankment  Cofferdams.  T.  D.  Ridley. 
Proc.  Inst.  C.  E.,  1870,  v.  31. 

"Pile  Drivers."     Spon's  Dictionary  of  Engineering.     1873. 

"Example  of  Piles  Split  by  Cast-Iron  Shoes."  Eugene  Lentilhon. 
Eng.  News,  1893,  v.  29,  p.  14. 

"Cast-Iron  Shoes  with  Chilled  Points."  Eng.  News,  1894,  v.  32, 
p.  224. 

Committee  Report  and  Discussion.  Proc.  Assoc.  Ry.  Supts.  B.  &  3., 
1898,  p.  60. 

"Piles  Shoes."  D.  E.  Hughes.  Rept.  of  Chf.  Engrs.,  U.  S.  A.,  1898, 
p.   2952. 

SPLICES. 

"Poughkeepsie  Bridge  Erection."  J.  H.  Staats.  Eng.  News,  1887, 
v.  17,  p.  410. 

"Splice  for  Reinforced  Concrete  Piles."     Cement,  1903,  p.  99. 
"Description   of   Method."     Engr.    Contract.,    1907,  v.   28,  p.    106. 

SWINGING  LEADS. 

"E>esign."    J.  M.  Jackson.    Eng.  News,  1892,  v.  27,  p.  432. 

Report   and    Discussion.      Proc.    Assoc.   Ry.    Supts.    B.    &    B.,    1896. 

p.  197- 

"Track  Driver,  C,  M.  &  St.  P.  Ry."     Eng.  News,  1899,  v.  42,  p.  314. 

"Best  Design  and  Recent  Practice  in  Building  Railroad  Track 
Drivers."    Proc.  Assoc.  Ry.  Supts.  B.  &  B.,  1902,  p.  163. 

"Pile  Trestle  Erected  with  a  Pivotal  Pile  Driver."  R.  Balfour.  Eng. 
News,  1907,  v.  58,  p.  160. 

"Driver  Used  at  Ccbu,  P.  I."  Wm.  J.  Mozart.  Eng.  News,  1907. 
V.  58,  p.  317. 


Appendix     D. 

ABSTRACT  OF  TALBOT'S  TESTS   OF  FULL-SIZE   STRINGERS. 

These  tests  were  made  by  the  Engineering  Experiment  Station  of 
the  University  of  Illinois  under  the  direction  of  Prof.  A.  N.  Talbot. 
With  a  few  exceptions  the  leading  results  are  given  only  for  longleaf 
yellow  pine  and  Douglas  fir.  A  considerable  portion  of  the  tests  related 
to  the  strength  of  creosoted  stringers  of  shortleaf  and  loblolly  pine  and 
of  the  relation  between  the  strength  of  the  treated  and  untreated  timber. 

One  marked  feature  of  the  results  consists  in  the  analysis  showing 
to  what  extent  the  strength  is  influenced  by  defects  of  various  kinds. 
Another  novel  feature  is  that  of  the  shearing  tests  of  blocks  cut  from 
the  stringers  for  the  full  width  and  at  mid-depth  as  described  in  the 
note  accompanying  Table  3.  The  small  sticks  cut  from  the  top  and 
bottom  of  the  stringers  are  also  tested  as  beams,  and  the  results  are 
classified  as  illustrated  in  Table  5. 

In  general,  knots  and  other  defects  seem  to  cause  a  larger  number 
of  failures  on  the  lower  or  tension  side  than  they  cause  failures  by 
horizontal  shear.  With  comparatively  few  exceptions  the  stringers 
which  failed  by  horizontal  shear  developed  a  higher  unit  stress  in  shear 
than  did  those  which  failed  on  the  tension  side. 

The  data  are  not  suffi.cient  to  determine  how  the  kind  of  failure  is 
influenced  by  the  ratio  of  width  to  depth.  In  series  A  the  horizontal 
shear  failures  include  75  per  cent,  of  the  7  by  16,  33  per  cent,  of  the 
7  by  14,  and  50  per  cent,  of  the  7  by  12-in.  stringers;  while  in  series 
B  this  kind  of  failure  includes  100  per  cent,  of  the  7  by  16  and  83  per 
cent,  of  the  7  by  14-in.  stringers.  In  series  D,  where  the  kind  of  timber 
is  creosoted  loblolly  pine,  the  horizontal  shear  failures  include  33  per 
cent,  of  the  7  by  16  and  17  per  cent,  of  the  7  by  14-in.  stringers. 

In  Table  No.  4  the  average  of  the  percentages  given  is  75.7,  but 
if  the  number  of  tests  is  taken  into  account  the  weighted  mean  is  con- 
siderably higher.  It  must  be  remembered  that  the  blocks  were  cut 
from  the  end  which  had  the  larger  resistance  to  horizontal  shear  and 
did  not  fail.  It  will  also  be  noticed  that  the  lowest  two  percentages  are 
not  due  to  the  low  values  of  the  horizontal  shear  but  to  the  high  shear- 
ing strength  of  the  blocks.  The  averages  of  the  horizontal  shear  in  the 
3  by  3-inch  beams  of  the  different  series  is  from  10  to  84  per  cent, 
greater  than  for  the  full  size  stringers,  while  the  stress  in  the  outer 
fiber  is  from  47  to  104  per  cent,  greater. 
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TABLE  NO.  l.» 
TESTS  OF  FULIi-SIZE  STRINGERS. 


Number  of  stringers  te.«ted 

Percentage  of  horizontal  shear  failures. . 

Percentage  of  tension  failure.'' 

Percentage  of  all  failures  influenced  by 

defects 

Average  of  horizontal  shear  developed, 

lbs.  per  sq.  in 

Average 'of_8tress  in  outer  fiber,  lbs.  per 

eq.  in 


Series  A 

Partly 

Air-dry 

Longlesf 

Pine. 


20 
55 
45 

25 

.154 

5470 


Serie-s  B 
Unseason- 
ed liong- 
leaf  Pine. 


14 
93 

7 

14 

386 

5430 


Old 
Douglas 

Fir. 
11  Years 
in  Service. 


12 
75 
25 

42 

300 

4420 


New 

Douglas 

Fir. 


16 
75 
25 

43 

308 

4520 


*Series  A  bad  been  sawn  12  months  or  more;  Series  B  about  3  months. 

TABLE  NO.  2. 

TESTS  OF  FULL-SIZE  STRINGERS. 

(The  stresses  are  expressed  in  lbs.  per  sq.  in.) 


Horizontal  Shear  Failures. 


No.  of 
Tests. 


Average 
Horizon- 
tal Shear. 


Ail  tests 

UnJnifluenced  by  defects 
Influenced  by  defects. . . 

Ail  tests 

Uninfluenced  by  defects 
Influenced  by  defects. . . 

Ail  tests 

Uninfluenced  by  defects 
Influenced  by  defects. . . 

All  tests 

Uninfluenced  by  defects 
Influenced  by  defects. . . 


Series  A. 

I     11        I 
10 

I        1        I 
Series  B. 
I     13 
I     12 
1 


Average 

Stress  in 

Outer 

Fiber. 


Tension  Failures. 


Average 

Average 

Stress  in 

No.  of 

Horizon- 

Outer 

Tests. 

tal  Shear. 

Fiber. 

Partly  Air-dry  Longleaf  Pine. 
374        I       5580       II       9 
367  5550  6 

445        I       5895       ||       3* 
Unseasoned  Longleaf  Pine. 
389        I       5440       II       1 
402  5590  0 

237        I       3620        I       1 


330 
380 
229 


5335 
6300 
3070 


Old  Douglas  Fir.     11  Years  in  Service. 

I       9        I       311        I       4580       II       3 

7  292  4280  0 

I       2        I       376       I       5620       II       3 

New  Douglas  Fir. 


12 
9 
3 


316 
312 
329 


4630 
4580 
4770 


4 
0 
4 

m 


344 

5300 

344 

5300 

269 

3960 

269 

3960 

279 

4095 

279 

4095 

*These  three  sticks  had  been  selected  to  show  the  effect  of  knots  on  the  strength  of 
the  atiok. 


TABLE  NO.  3- 

SHEAR  PARALLEL  TO  THE  GRAIN. 

Blocks  8  or  lo  in.  deep  and  about  12  in.  long  and  of  the  full  width 
of  the  stringer  were  cut  from  an  end  of  the  stringer  which  did  not  fail. 
The  axis  of  the  block  coincided  with  the  middle  of  the  depth  of  the 
stringer.  These  blocks  were  tested  in  shear  along  the  grain,  and  the 
results  involve  the  effect  of  the  presence  of  season  checks  and  knots. 
The   results   given    include    all    tests,   no    distinction    being   here    made 
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between   pieces    from   stringers    failing   in    horizontal    shear,    tension   or 
compression.     (The  shears  are  expressed  in  lbs.  per  sq.  in.) 


Series  A. 

Series  B. 

Old  Fir. 

New  Fir. 

No.of 
Tests. 

Average 
Shear. 

No.of 
Tests. 

Average 
Shear. 

No.of 
Tests. 

Average 
Shear. 

No.of 
Tests. 

Average 
Shear. 

All  tests 

33 
16 
17 

466 
493 
442 

28 
15 
13 

393 

428 
353 

26 
13 
13 

464 
509 
420 

20 
6 

14 

308 

Uninfluenced  b  y 
defects 

Influenced  by  de- 
fects   

381 
277 

TABLE  No.  4. 

RELATION  OF  HORIZONTAL  SHEAR  IN  FULL-SIZE  STRINGERS  TO  DIRECT 

SHEAR  PARALLEL  TO   THE  GRAIN   IN   BLOCKS  CUT  FROM  THEIR 

UNINJURED  ENDS. 


Kind  of  Timber. 


Partly  air-dry  longleaf  pine. . 
Unseasoned  longleaf  pine.  . .  . 

Untreated  shortleaf  pine 

Untreated  loblolly 

Uncreosoted  loblolly  pine...  . 
Creosoted  shortleaf  pine  (1  )* 
Creosoted  shortleaf  pine  (2)  . 
Creosoted  loblolly  pine  (1)  ..  . 
Creosoted  loblolly  pine  (2)  ..  , 

Creosoted  loblolly  pine 

Old  Douglas  fir 

New  Douglas  fir 


No.  of 

Column 

Column 

Percentage 

Stringers. 

(a)* 

(b)* 

Ratio. 

11 

374 

466 

80.2 

13 

389 

393 

99.0 

4 

264 

3 

379 

764 

49.6 

5 

314 

403 

78.0 

2 

317 

4 

295 

1 

368 

665 

55.4 

4 

249 

3 

363 

492 

73.8 

9 

311 

464 

67.1 

12 

316 

308 

102  5 

♦Column  (a)  gives  the  longitudinal  shear  developed  in  the  full-size  stringers  which 
failed  by  longitudinal  shear,  their  number  being  given  in  the  first  column,  while  column 
Cb)  gives  the  average  of  the  results  of  shearing  tests  on  all  blocks  cut  from  the  stringers, 
including  those  which  did  not  fail  by  horizontal  shear.  The  stresses  are  expressed  in 
pounds  per  square  inch.     The  number  of  blocks  tested  is  259. 
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TESTS    OF    REDWOOD     AT    UNIVERSITY     OF     CALIFORNIA. 

Timber  purchased  in  the  open  market;  origin  unknown;  partiaUy  seasoned;  tested  in  1901. 
(All  stresses  are  expressed  in  lbs.  per  sq.  in.) 
Flexure.     Nominal  size,  6  in.  by  6  in.,  span  100  in. 
Number  of  tests,  12.  Average.     Maximum.  Minimum. 


Per  cent .  of  moisture  at  test . 
Specific  gravity  of  dry  wood. . 

Annual  rings  per  inch 

Fiber  stre.«s  at  yield  point. . . . 

Modulu.s  of  rupture 

Modulus  of  elasticity . 


58.7 

96  5 

0.398 

0.548 

22.0 

36  0 

5530 

7800 

6990 

10400 

222000 

1622000 

Number  of  tests,  47. 


Compression  Perpendicular  to  Fiber. 


Per  cent  .^of  moisture  at  test 

Strength  at  compression  of  3  per  cent,  of  height.  .  .  . 
Crushing  strength,  compression  15  per  cent,  of  height 


40.4 
678 
913 


97.5 
1236 
1677 


26.9 
0  279 
9.5 
4320 
5000 
92S000 


Tension. 
Number  of  tests,  69. 

1       25  0 
1      15240 

11.4 

Tensile  strength  at  rupture 1        9470 

5540 

Compression  Parallel  to  Fiber. 
Number  of  tests,  66. 

1       92.1 
1       6890 

17.2 

Crushing  strength  at  rupture 4560 

3530 

394 
567 


Number  of  tests,  68. 


Shear  Parallel  to  Fiber. 


Per  cent,  of  moisture  at  test. 
Shearing  strength  at  rupture . 


17.3 
422 


38^ 
934 


13.3 
229 
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(All  stresses  are  expressed  in  lbs.  per  sq.  in.) 

Flexure.     Nominal  size,  6  in.  by  6  in.,  span  100  in. 
Number  of  tests,  4.  Average.       Maximum.    Minimum. 


Per  cent .  of  moisture  at  test . 
Specific  gravity  of  dry  wood. 
Fiber  stress  at  yield  point. . . . 

Modulus  of  rupture 

Modulus  of  elasticity 


182  9 
0  329 
3688 
4438 
616000 


193  5 
0  341 
4500 
5590 
743000 


173  0 
0  318 
3250 
3830 
.521000 


Tension. 
Number  of  tests,  14. 

Tensile  strength  at  rupture 1         4666 

8490 

3760 

Compression  Parallel  to  Fiber. 
Number  of  tests,  37. 

Crushing  strength  at  rupture 1        2982 

3830 

2100 

Compression  Perpendicular  to  Fiber. 
Number  of  tests,  28. 

Strength  .at  compression  of  3  per  cent,  of  height  .  .    |         653 
Crushing  strength,  compression  15  per  cert,  of  height  |         876 

1           817 
1163 

516 
612 

Shear  Parallel  to  Fiber. 
Number  of  tests,  24. 

364 

172 

DISCUSSION. 

Prof.  Henry  S.  Jacoby  (Cornell  University)  : — Mr.  President,  the 
report  of  the  Committee  on  Wooden  Bridges  and  Trestles  is  in  Bul- 
letin 107,  and  the  conclusions  are  given  on  page  10.  The  specifications, 
which  form  the  first  part  of  the  report,  will  be  found  on  the  fol- 
lowing page.  The  Committee  received  instructions  to  hold  a  conference 
with  the  corresponding  committee  of  the  Yellow  Pine  Manufacturers' 
Association  and  the  American  Society  for  Testing  Materials,  and  I 
have  requested  Mr.  Bainbridge,  who  is  the  chairman  of  the  sub- 
committee of  conference,  to  make  the  statement  concerning  this  part 
of   our    work. 

Mr.  F.  H.  Bainbridge  (Chicago  &  Northwestern)  : — The  matters 
to  be  decided  on,  on  which  there  was  a  disagreement,  were  considered 
by  Committee  Q,  of  the  American  Society  for  Testing  Materials,  and 
the  sub-committee  of  this  Association.  Committee  Q  allowed  dead 
timber  to  be  used.  This  was  discussed  at  the  meeting  of  the  sub- 
committee Q  and  the  sub-committee  of  this  Association  and  the 
committee  of  the  Yellow  Pine  Manufacturers'  Association  at  the  Chi- 
cago Beach  Hotel,  held  last  June.  On  this  matter  we  agreed  to 
give  in,  on  the  ground  that  in  the  present  state  of  our  knowledge 
that  dead  timber,  meaning  timber  which  had  been  burned  over,  was 
good  if  it  was  sound.  The  \vord  "sound,"  of  course,  covers  the  tim- 
ber that  is  decayed  or  worm-eaten.  Committee  Q  had  specifications 
regarding  "wind,"'  "wind"  meaning  a  twist  in  the  stick.  At  that 
meeting  it  was  agreed  to  include  the  wind.  Committee  Q  allowed 
sawing  one-quarter-inch  scantling  size,  and  that  was  agreed  to.  Com- 
mittee Q  permitted  loose  knots  except  within  four  inches  of  the  edges 
of  the  stringers.  Our  position  forbidding  any  loose  knots  was  agreed 
to  by  all.  Committee  Q  permitted  knots  in  corners  of  posts,  which 
was  agreed  to.  In  respect  to  percentage  of  heart,  the  entire  speci- 
fication was  changed  at  •  the  request  of  the  Yellow  Pine  .  Manu- 
facturers' Association,  and  a  specification  adopted  on  the  basis  of  the 
girth  of  the  stringer.  This  was  for  the  reason  that  in  a  long  stringer, 
on  one  of  the  narrow  faces,  there  might  be  a  thin  sliver  of  sap 
nmning    out,    to    which    there    would    be    no    particular    objection. 

Mr.  I,.  C.  Fritch  (Illinois  Central)  :— I  suggest  that  these  specifi- 
cations be  taken  up  clause  by  clause,  in  order  that  these  different 
items   can   be    discussed. 

Mr.  Bainbridge:- — I  wanted  to  follow  through  a  general  statement 
of  the  results  of  the  conference.  That  is  the  important  feature.  It 
is  not  primarily  the  specifications  which  is  before  us,  but  it  is  the 
result   of   the   conference.     We   are   trying   to   come    to    an    agreement. 

Mr.    L.    C.   Fritch : — My    suggestion    was    merely    to    save    time. 

(Mr.  Bainbridge : — Of  the  other  matters,  there  is  not  much  of 
special  importance,  and  we  will  omit  reference  thereto ;  but  as  to 
the    further    results,   after   these   specifications    had    been    agreed    on    and 

598 


WOODEN   BRIDGES    AND   TRESTLES.  599 

the  parties  to  the  conference  began  to  think  it  over,  each  one  wanted 
to  change  something,  so  that  we  are  still  quite  as  far  from  an  agree- 
ment as  we  were  in  the  first  place.  But  we  have  been  getting  close 
to  the  Yellow  Pine  Manufacturers'  Association.  The  Committee  had 
a  meeting  with  Mr.  Nelson,  representing  that  Association,  last  night, 
and  we  disagreed  in  comparatively  unimportant  matters,  in  some 
respects,  but  the  items  of  difference  are  these :  Tn  the  first  place, 
they  object  to  our  grading,  and  we  wish  to  stick  to  it.  We  have  No. 
I  R.  R.,  and  No.  2  R.  R.  They  want  to  call  grade  No.  i  heart,  and 
grade  No.  i.  Then,  they  object  to  the  terms  "straight  and  true," 
true  referring  to  a  uniform  .cross-section,  and  straight  to  a  straight 
axis  in  the  stick.  Now,  we  are  willing  to  cut  out  the  word  "true'' 
on  the  ground  that  standard  sawing  that  you  read  here  covers  that 
close  enough,  but  we  wish  to  retain  the  word  "straight."  The  other 
was  as  to  "knots,"  in  paragraphs  7,  8,  9,  13  and  14,  in  which  our 
Committee  was  willing  to  meet  them.  There  are  some  minor  points 
in  there,  and  beginning  at  paragraph  i,  the  Committee  would  ask 
that  the  word  "trees"  be  eliminated,  as  that  word  was  put  in  there 
because  we  originally  specified  live  trees,  and  the  matter  was  over- 
looked when  the  word  "live"  was  cut  out.  Then  there  is  an  obvious 
omission  in  the  specification  that  all  parties  have  agreed  to  change. 
Paragraph  4  had  in  it,  "all  knots  shall  in  no  case  exceed  4  inches 
in  their  largest  diameter."  That  was  in  the  specification  for  the 
second  grade,  but  overlooked  in  the  first  grade.  We  add  it  to  the 
first  grade. 

One  member  of  the  Association,  who  is  very  well  informed  in 
the  matter,  is  of  the  opinion  that  the  specifications  for  fir  should  be 
separated  from  the  specifications  for  yellow  pine.  That  has  always 
been  my  own  idea  of  the  matter  as  well,  and  the  Committee  have 
all    agreed    to    that. 

It  is  the  intention  of  the  Committee  to  ask  the  approval  of  these 
specifications  as  submitted  for  j-ellow  pine  and  withdraw  the  specifica- 
tions as  far  as  they  refer  to  Oregon  fir,  and  leave  the  specifications 
for   Oregon    fir   to   be   gone    into    further   in    the    following   year. 

Prof.  Jacoby: — Perhaps  it  was  not  made  sufficiently  clear  by 
Mr.  Bainbridge  that  the  form  in  which  the  specifications  are  prmted 
in  the  Bulletin  is  practically  the  form  which  was  agreed  to  by  the 
Committee  in  conference  last  summer  in  Chicago.  But,  on  account 
of  the  arguments,  as  stated  by  Mr.  Bainbridge,  certain  changes  will 
now  be  proposed  which  have  been  arranged  at  yesterday's  conference. 
It  will  be  understood  that  the  first  paragraph  under  No.  i  R.  R.  Grade 
will   be   considered   with   all    reference   to    Douglas   fir   cut    out   entirely. 

The  President: — The  chair  extends  the  privileges  of  the  floor  to 
any   representatives  of  the   Forest   Service    who   may   be    present. 

The  Secretary: — "Standard  Specifications  for  Bridge  and  Trestle 
Timbers. —  (To  be  applied  to  solid  members  and  not  to  composite  mem- 
bers.)    General    Requirements,     i.     Except    as    noted,    all    timber    shall 
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be  cut  from  sound  trees,  true  and  straight,  and  sawed  standard  size; 
shall  be  square  edged,  close  grained,  solid  and  out  of_  wind ;  free  frona 
defects  such  as  injurious  ring  shakes  and  crooked  grain,  unsound  or 
loose  knots,  knots  in  groups,  decaj',  large  pitch  pockets,  or  other  de- 
fects  that   will   materially    impair    its    strength." 

Prof.  Jacoby: — The  Committee  offers  the  following  as  a  sub- 
stitute for  what  has  just  been  read:  "Standard  Specifications  for 
Southern  Yellow  Pine  Bridge  and  Trestle  Timbers.  (To  be  applied 
to  single  sticks  and  not  to  composite  members.)  i.  Except  as  noted, 
all  limber  shall  be  sound,  sawed  to  standard  size,  square  edged,  and 
straight;  shall  be  close  grained  and  free  from  defects  such  as  injurious 
ring  shakes  and  cross  grain ;  unsound  of  loose  knots,  knots  in  groups, 
decay,    or    other    defects    that    will    materially    impair    its    strength." 

(There  -being    no    objection,    the    substitute     was    adopted.) 

The  Secretary : — "Standard  Size  of  Sawed  Timber.  2.  Rough  tim- 
bers sawed  to  standard  size  means  that  they  shall  not  be  over  one- 
fourth  (J4)  ill-  scant  from  the  actual  size  specified.  For  instance,  a 
12   in.   by    12  in.   timber   shall   measure   not   less    than    11^   by    11  ^)4    in. 

"Standard  Dressing  of  Sawed  Timber.  3.  Standard  dressing  means 
that  not  more  than  one-fourth  (34)  i"-  shall  be  allowed  for  dressing 
each  surface.  For  instance,  a  12  in.  by  12  in.  timber,  after  being 
dressed  on  four  sides,  shall  measure  not  less  than   11I/2   by   11V2   in. 

"No.  I  R.  R.  Grade.  Longleaf  Yellow  Pine  and  Douglas  Fir. 
Stringers.  4.  Longleaf  pine  shall  show  not  less  than  eighty-five  (85) 
per  cent,  heart  on  the  girth  anywhere  in  the  length  of  the  piece ;  pro- 
vided, however,  that  if  the  maximum  amount  of  sap  is  shown  on 
either  narrow  face  of  the  stringer,  the —average  depth  of  sap  shall 
not  exceed  one-half  (Vz)  in.  Douglas  fir  shall  show  not  less  than 
ninety  (90)  per  cent,  heart  as  measured  above.  Knots  greater  than 
ly^  in.  in  diameter  will  not  be  permitted  at  any  section  within  4  in. 
of   the   edge   of   the   piece." 

Prof.  Jacoby: — The  pentence  beginning  with  "Douglas  fir"  is 
to  be  omitted,  and  an  addition  to  be  made  as  follows :  "But  knots 
shall   in    no    case    exceed    four    (4)    in.    in    their    largest    diameter." 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  :— As  the 
Committee  proposes  to  drop  out  of  these  specifications  all  reference 
to  Douglas  fir,  I  suggest  that  the  words  "longleaf  pine"  be  omitted 
in  the  first  line  of  section  4,  and  the  words  "Douglas  fir"  be  omitted 
from   the   sub -heading   immediately    preceding   section   4. 

The  Secretary : — "Caps  and  Sills.  5.  Shall  show  not  less  than 
eighty-five  (85)  per  cent,  heart  on  each  of  the  four  sides,  measured 
across  the  sides  anywhere  in  the  length  of  the  piece ;  to  be  free  from 
knots  over  two   and  one-half   (2;/-)    in.   in  diameter. 

"Posts.  6.  Shall  show  not  less  than  seventy-five  (75)  per  cent, 
heart  on  each  of  the  four  sides,  measured  across  the  sides  anywhere 
in  the  length  of  the  piece,  and  to  be  free  from  knots  over  two  and  one- 
half    (2jX)    in.   in   diameter. 

"Longitudinal    Struts   or    Girts.     7.     One    face    shall    show   all   heart ; 
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the  other  face  and  two  sides  shall  show  not  less  than  eight-five  (85) 
per  cent,  heart,  measured  across  the  face  or  sides  anywhere  in  the 
length  of  the  piece,  and  shall  be  free  from  knots  one  and  one-half 
(i^)    in.    in    diameter   and   over." 

Prof.  Jacoby: — The  proposed  change  in  this  paragraph,  as  well 
as  in  several  others  that  will  follow,  after  the  words  "shall  be  free 
from"  in  next  to  the  last  line,  consists  in  substituting  "any  large 
knots    or    other    defects    that    will    materially    injure    its    strength." 

Mr.  L.  C.  Fritch : — The  specifications  would  be  a  little  more  com- 
plete if  the  members  were  stated  in  the  bodj'-  of  the  specification, 
instead  of  as  a  marginal  reference.  The  marginal  reference  does  not 
make  it  complete.  Take  paragraph  5 ;  it  says,  "shall  not  show  less 
than  85  per  cent.,"  etc.;  if  the  paragraph  started  with  the  words 
"caps  and  sills"  it  would  show  definitely  what  the  paragraph  re- 
ferred  to. 

Prof.  Jacoby: — These  marginal  references  could  be  placed  at  the 
beginning  of  the  respective  paragraphs.  I  think  that  would  be  ad- 
vantageous. 

The  Secretary : — "Longitudinal  X  Braces,  Sash  Braces  and  Sway 
Braces.  8.  Shall  show  four  square  edges  and  not  less  than  eighty 
(80)  per  cent,  heart  on  two  faces,  and  shall  be  free  from  knots  over 
one   and  one-half    (ij^)    in.  in   diameter. 

"Ties  and  Guard  Rails.  9.  Shall  show  one  face  all  heart ;  the 
other  face  and  two  sides  shall  show  not  less  than  seventy-five  (75) 
per  cent,  heart,  measured  across  the  face  or  side  anywhere  in  the 
length  of  the  piece;  shall  be  free  from  knots  over  two  and  one-half 
(2I/2)  in.  in  diameter,  and  where  surfaced  the  remaining  rough  face 
shall    show    all    heart." 

Prof.  Jacoby: — We  propose  the  same  change  in  these  paragraphs 
as  in   No.   7. 

Mr.  Robert  Ferriday  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  . 
— The  Big  Four  are  revising  their  timber  specifications,  and  desire 
to  get  in  line  with  the  Maintenance  of  Way  specifications.  The  ques- 
tion came  up,  why  in  the  smaller  size  sticks  less  heart  was  accept- 
able. The  claim  is  generally  made  that  it  is  very  difficult  to  get 
a  good  portion  of  heart  in  large  sticks.  Here  in  a  small  stick  less 
heart  is  accepted.  What  is  the  idea  of  the  Committee  in  accepting 
less    heart? 

Mr.  Bainbridge : — The  claim  of  the  manufacturers  is  that  they 
have  a  certain  portion  of  material  for  which  they  have  no  other  means 
of  disposition,  and  that  leaves  them  with  timber  that  they  cannot  use. 
If  we  carry  our  heart  requirements  through  the  whole  list,  they  claim 
that    will    greatly    increase    the    expense    of    all    material    furnished. 

Mr.  J.  E.  Snell  (Delaware,  Lackawanna  &  Western)  : — I  ask  why 
the  greater  percentage  of  sap  allowance  should  not  be  taken  care  of 
in   grade   No.   2? 

Mr.    C.    P.    Howard    (Lake    Shore    &    Michigan    Southern)  : — What 
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is  the  idea  in  cutting  out  these  figures  that  give  the  size  of  the  knots, 
and  describing  the  objectionable  knots  as  any  knot  that  will  impair 
the  strength  of  the  material?  We  have  something  here  which  is 
definite  to  go  by,  and  it  would  seem  the  other  way  would  leave  it 
open   to  dispute. 

iMr.  Bainbridge : — The  matter  was  contained  in  our  original  agree- 
ment with  the  Yellow  Pine  Manufacturers'  Association.  They  claim 
there  are  certain  positions  in  a  stick  in  which  almost  any  knot  could 
be  allowed.  For  instance,  you  could  take  the  extreme  end  of  a  girt 
and  plaster  it  with  knots,  and  it  would  not  do  any  harm.  They  felt 
it  was  a  matter  that  could  well  be  left  to  the  inspector  in  cases  of  certain 
material.  We  have  met  them  half-way,  and  do  not  specify  the  sizes 
of  knots  any  more  and  leave  the  question  to  be  decided  according 
to   the   new   definition. 

The  Secretary: — "No.  2  R.  R.  Grade,  Longleaf  and  Shortleaf 
Yellow  Pine,  Douglas  Fir  and  Western  Hemlock. — Stringers.  lo. 
Sliall  be  square  edged,  except  that  it  may  have  one  (i)  in.  wane 
on  one  corner.  Knots  shall  not  exceed  in  their  largest  diameter  one- 
fourth  (54)  the  width  of  the  face  of  the  stick  in  which  they  occur, 
and  shall  in  no  case  exceed  four  (4)  in.  Ring  shakes  shall  not  extend 
over   one-eighth    (%)    of  the   length   of  the   piece. 

"Caps  and  Sills.  11.  Shall  be  square  edged,  with  the  exception 
of  one  (i)  in.  wane  on  one  corner,  or  one-half  (^)  in.  wane  on  two 
corners.  Knots  shall  not  exceed  in  their  largest  diameter  one-fourth 
(J4)  of  the  width  of  the  face  of  the  stick  in  which  they  occur,  and 
in  no  case  shall  exceed  four  (4)  in.  Ring  shakes  shall  not  extend 
over  one-eighth    (ys)    of  the  length   of   the   piece. 

"Posts.  12.  Shall  be  square  edged,  with  the  exception  of  one 
(i)  in.  wane  on  one  corner,  or  one-half  (^)  in.  wane  on  two  corners. 
Knots  must  not  exceed,  in  their  largest  diameter,  one-fourth  (14^ 
of  the  width  of  the  face  of  the  stick  in  which  they  occur,  and  shall 
in  no  case  exceed  four  (4)  in.  Ring  shakes  shall  not  extend  over 
one-eighth    (^)    of   the    length    of   the   piece. 

"Longitudinal  Struts  or  Girts.  13.  Shall  be  square  edged  and 
sound,  and  shall  be  free  from  knots  one  and  one-half  (ik?)  in.  in 
diameter    and    over. 

"Longitudinal  X  Braces,  Sash  Braces  and  Sway  Braces.  14.  Shall 
be  square  edged  and  sound,  and  shall  be  free  from  knots  two  and 
one-half    (2^)    in.    in    diameter    and    over." 

Prof.  Jacoby: — In  paragraphs  13  and  14  we  propose  the  same 
change    as    in    paragraph    7. 

Mr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific)  : — Does  the 
Committee  propose  to  make  a  specification  for  timber  that  is  to  be 
creosoted? 

Mr.  Bainbridge : — We  thought  that  matter  should  be  assigned  to 
the  committee  looking  after  the  matter  of  creosoting. 

Mr.  L.  C.  Fritch : — Does  the  Committee  intend  to  leave  Douglas 
fir  and  Western  hemlock  in  the  specifications   for   No.   2  R.   R.   Grade? 
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Mr.  Berry: — I  know  that  on  the  Illinois  Central  that  question 
is  pertinent;  also  on  our  own  line.  On  the  Illinois  Central,  if  I 
understand  rightly,  they  take  the  timber  in  the  yard  and  sort  out 
the  timber  not  to  be  creosoted,  which  is  all  heart  timber.  The  balance 
is  not  enough  to  furnish  tifhber  to  be  creosoted.  We  undertook  to 
do  the  same  thing  on  the  Rock  Island,  and,  strange  to  saj^  the  heart 
timber  was  so  much  in  excess  of  the  specification  that  we  were 
unable  to  properly  treat  it.  We  had  to  adopt  a  makeshift,  so  I  be- 
lieve it  will  be  necessary  to  have  a  special  specification  for  timber 
to  be  creosoted,  as  we  do  not  get  enough  sap  timber  out  of  the 
ordinary    run,    if   w6    use    any   quantity    of   creosoted    timber. 

Prof.  Jacoby : — Answering  the  question  of  Mr.  Fritch,  it  is  pro- 
posed to  eliminate  the  words  "Douglas  fir"  and  "Western  hemlock" 
from   the    title   of   No.   2   R.    R.    Grade. 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  : — How  is  the 
inspector  to  ascertain  how  far  along  the  length  of  the  stick  the  ring 
shakes   extend? 

Mr.  J.  C.  Nelson  (Seaboard  Air  Line)  : — It  seems  to  me  that 
these  specifications  are  made  up  primarily  for  timber  which  is  not 
to  be  treated,  and  should  not  that  be  made  clear  at  the  beginning 
of  the  specifications?  I  think  we  will  need  an  entirely  different  set 
of  requirements  for  timber  that  is  to  be  creosoted,  just  as  Mr.  Berry 
has  stated. 

Mr.  L.  C.  Fritch : — I  move  that  conclusion  i  be  adopted,  as 
amended. 

((Motion   carried.) 

Prof.  Jacoby : — In  connection  with  the  discussion  of  these 
specifications,  it  has  seemed  desirable,  in  order  to  secure  a  more  gen- 
eral agreement  in  regard  to  the  use  of  terms  for  the  future,  that  we 
should  have  a  series  of  definitions  to  accompany  the  specifications,  in 
addition  to  those  which  have  been  adopted  heretofore,  and  the  Com- 
mittee desires  to  present  these  definitions  for  the  information  of  the 
Association,  and  asks  that  they  be  printed  in  the  Bulletin  and  come 
up  in   regular    form   next  year. 

Mr.  W.  C.  Gushing  (Pennsylvania  Lines)  : — Should  they  not,  in- 
stead of  coming  up  in  regular  form  for  discussion  on  the  floor,  be 
discussed  in  writing  after  appearing  in  the  Bulletin,  and,  if  neces- 
sary, proposed  changes  to  be  voted  on  by  letter-ballot?  The  Associa- 
tion made  a  ruling  that  it  does  not  want  to  enter  into  a  discussion 
of  definitions  on  the  floor  of  the  house. 

Prof.  Jacoby: — I  simply  desired  to  make  the  statement  that  these 
definitions  were  in  preparation  and  would  be  submitted  for  publication 
in  the  Bulletin. 

I  now  move  the  adoption  of  conclusion  3 :  "That  the  revised 
specifications   for  timber  piles  be  approved." 

Mr.  L.  C.  Fritch : — I  suggest  that  the  specifications  be  read  para- 
graph by  paragraph. 

The    Secretary: — "Specifications    for    Timber    Piles — No.    i     R.    R. 
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Grade. —  l.  This  grade  includes  white,  burr  and  post  oak,  longleaf 
pine,  Douglas  fir,  tamrack,  Eastern  white  and  red  cedar.  Western  cedar, 
redwood  and  cypress. 

"2.  Piles  shall  be  cut  from  sound  trees ;  shall  be  close  grained  and 
solid,  free  from  defects,  such  as  injurious  ring  shakes,  large  and 
unsound  or  loose  knots,  decay  or  other  defects  which  may  materially 
impair  their  strength  or  durability.  In  Eastern  red  or  white  cedar  a 
small"  amount  of  heart  rut  at  the  butt,  which  does  not  materially  injure 
the  strength  of  the  pile,  will  be  allowed." 

Mr.  Nelson: — We  should  specify  more  clearly  what  is  meant  by 
cypress.  There  are  a  number  of  diflferent  kinds;  some  good  and  some 
no  good.  Is  it  the  intention  of  the  Committee  to  take  out  Douglas 
fir  in  piling  and  make  separate  specifications  for  that  material  for 
piling  as   well   as    for   bridge   timber? 

Mr.  Snell : — I  notice  the  shortleaf  yellow  pine  piles  are  omitted 
from  the  list.  It  is  quite  necessary  in  the  East,  for  tidewater  or 
meadow  land  construction,  that  we  should  purchase  and  use  shortleaf 
yellow  pine  piles,  which  are  very  lasting  when  the  cutoff  is  below 
mean  tide  or  at  an  elevation  where  the  piling  will  be  always  wet  and 
where  the  water  is  foul  to  the  extent  that  the  teredo  cannot  live.  In 
fact,  we  have  to  depend  largely  upon  shortleaf  yellow  pine  piles  for 
construction    of   our   piers. 

Mr.  Jos.  O.  Osgood  (Central  Railroad  of  New  Jersey)  : — I  notice 
that  the  specification  for  No.  i  R.  R.  Grade  does  not  include  chestnut, 
neither  does  it  include  spruce.  Spruce  is  not  a  suitable  timber,  as  I 
understand,  for  work  away  from  the  water,  but  it  is  used  in  Eastern 
waters  for  a  first-class  pile.  It  probably  stands  as  well  in  docks  in 
New  York  City  as  yellow  pine,  and  at  times  is  more  expensive.  Chest- 
nut is  used  a  great  deal  in  the  East  and  makes  an  excellent  pile.  It 
is  durable  as  regards  decay,  and  strong  enough  for  all  practical  pur- 
poses. 

Mr.  Snell : — My  experience  in  driving  chestnut  piles  is,  that  where 
you  have  to  strike  a  hard  hammer  blow  for  driving,  the  pile  most 
invariably  splits  for  a  distance  from  the  butt  end,  which  impairs  its 
strength  by  reducing  the  size  of  the  vertical  column  it  is  supposed  to 
form.  However,  where  piling  is  driven  in  mud  or  silt,  depending 
entirely  on  friction  (that  is,  not  driven  to  a  fetch-up),  I  see  no  objec- 
tion to   the   chestnut   pile. 

Mr.  Osgood: — While  it  is  true  that  chestnut  is  not  a  very  stiong 
wood  and  will  split  with  very  hard  driving,  it  is  a  very  successful  pile 
under   ordinary    conditions. 

Mr.  C.  P.  Howard : — Is  cypress  intended  to  include  all  kinds  of 
cypress?  .Mr.  Nelson  said  there  is  a  good  deal  of  difference  in  cypress, 
red  cypress  perhaps  being  all  right  and  others  no  good  at  all. 

Mr.  Nelson: — I  move  that  after  the  word  "and,"  in  the  last  line 
of  paragraph  i,  "red  or  black  cypress"  be  inserted.  Red  and  black 
seem  to  be  the  kinds  which  are  good  and  all  others  bad ;  at  least,  that 
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is  the  local  understanding  in  Florida  and  Louisiana,-  where  most  of  the 
cypress  comes  from.  In  the  Carolinas  they  have  all  kinds — yellow,  red, 
white,  black,  and  even  green,  but  none  of  it  seems  to  be  any  good, 
except  that  which  is  known  as  red  or  black. 

Mr.  J.  P.  Snow  (Boston  &  Maine)  : — I  second  the  motion,  and  ask 
if  the  Committee  will  not  insert  chestnut  in  the  list  of  timbers  that  are 
specified? 

Mr.  Downs : — I  move  we  amend  that  by  saying  red,  black  or  yel- 
low cypress. 

Mr.  Courtenay : — It  has  been  the  experience  of  the  Louisville  & 
Nashville  Railroad  that  what  is  called  yellow  cypress  rots  in  about 
five  years.  The  same  road  has  used  Louisiana  black  cypress,  and  it 
is  still  in  the  track  and  and  good  for  a  life  of  fifteen  years. 

Mr.  E.  H.  Bowser  (Illinois  Central)  : — ^Numbers  of  yellow  cypress 
ties  have  been  in  out  track  for  nine  years  and  are  perfectly  sound  in 
dirt  ballast. 

Mr.  Nelson : — I  will  state,  in  regard  to  yellow  cypress,  that  in 
North  Carolina  there  is  a  yellow  cypress  which,  as  Mr.  Courtenay  says, 
is  only  good  for  a  few  years.  Our  people  have  about  concluded  that 
any  close-grained  heart  cypress  is  good,  but  we  find  there  are  many 
different  names  for  the  same  kind  of  tree — for  instance,  black  cypress 
in  Florida  may  be  the  same  as  the  yellow  cypress  Mr.  Bowser  speaks 
of.  I  believe  that  red  and  black  are  more  generally  known  than  any 
other  cypress,  and  they  are  invariably  good ;  at  least  that  has  been  my 
experience. 

The  President : — The  chair  suggests  that  the  resolution  be  sep- 
arated and  that  one  motion  be  made  to  include  red  or  black  cypress. 
The  Committee  does  not  feel  they  can  accept  that,  but  would  accept 
the   insertion   of  chestnut. 

Mr.  Nelson's  motion  that  paragrach  i  be  amended  by  inserting 
the   words  "red  or  black"   before  the  word   "cypress"   is   in   order. 

Mr.  A.  F.  Robinson :— I  would  ask  if  it  means  there  are  two 
kinds  of  cypress,  red  cypress  and  black  cypress,  or  if  the  two  words 
mean  the  same   material,   having   dififerent   names   in   different    sections? 

Mr.  Courtenay : — I  think  the  two  names  mean  the  same  material, 
as  far  as  I  have  been  pble  to  ascertain,   in   Louisiana  and   Florida. 

Mr.  Nelson : — I  think  they  are  one  and  the  same  tree,  but  some- 
times   timbermen    call    them    by    different    names. 

Mr.  Snell : — Can  we  not  include  in  that  motion  at  this  time  short- 
leaf   yellow    pine    piles? 

The  President : — If  the  mover  of  the  motion  will  accept  it,  it  will 
be   in   order. 

Mr.    Nelson  : — I    will    consent. 

Mr.  Bainbridge : — There  are  two  grades,  one  which  will  stand 
.exposure  in  the  air,  and  the  other  which  will  be  confined  in  water 
all  its  life,  or  be  used  for  temporary  purposes.  We  allow  any  timber 
that  will   stand   driving  in   the   second   grade. 
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Mr.  Snell: — I  do  not  understand  why  we  should  permit  cypress, 
which  is  reported  as  good  for  nine  years,  to  go  into  the  first  grade 
and  ahogether  eliminates  from  the  list  shortleaf  yellow  pine,  which 
I   am   quite   certain   is   good    for    from    twelve   to   fifteen   years   exposed. 

Mr.  Osgood: — Are  we  to  understand  that  the  first  grade  is  to 
include   only   that   which    is    durable    in   the   atmosphere? 

Mr.   Bainbridge: — That  is   the  intention. 

Mr.  Osgood : — It  occurs  to  me  that  the  discussion  about  shortleaf 
pine  has  a  little  to  do  with  the  range  of  climate.  It  is  my  under- 
standing that  the  shortleaf  pine  in  the  South  is  not  durable  at  all  as 
a  pile,  while  in  the  North,  in  water,  It  is  fairly  durable. 

Mr.  Bainbridge :— It  is  my  impression  that  in  the  climate  of  New 
Orleans  a  shortleaf  yellow  pine  tie  is  good  for  about  from  two  lo  five 
years. 

Mr.  Snell : — I  used  shortleaf  yellow  pine  piles  which  have  been 
exposed  nine  years  and  are  perfectly  sound  to-day,  even  to  the  sap 
portions. 

Mr.  Nelson : — I  do  not  think  there  are  many  of  our  timbermen, 
unless  they  are  extremely  shrewd  and  bright,  who  can  invariably  tell 
the  difference  between  longleaf  and  shortleaf  pine,  in  the  timber  or 
in  the  logs,  and  even  if  we  specify  longleaf  pine,  quite  a  percentage 
of  what  we  would  get  v/ould  be  shortleaf,  and  not  be   longleaf. 

Mr.  C.  P.  Howard : — My  impression  is  that  shortleaf  pine  does  not 
begin  to  last  as  long  as  cypress,  which  is  one  of  the  most  lasting 
materials.  I  had  no  idea  that  shortleaf  pine  would  be  in  the  same 
class  with   red  cypress   as  a  pile. 

(Mr.    Nelson's    amendment    was    lost.) 

Mr.  L.  C.  Fritch : — Tt  seems  to  me  if  shortleaf  pine  was  eliminated 
from  that  motion  it  might  carry.  I  make  a  motion  that  the  word 
"cypress"    be    qualified    by    "red    or    black    cypress." 

Mr.  Bainbridge : — I  second  that  motion.  When  I  was  with  the 
Illinois  Central  we  used  to  specify  cypress,  and  I  know  the  timber 
they  got  for  piling  was  extremely  good,  one  of  the  best-lasting  timbers 
they  had  before  they  began  to  creosote.  My  impression  is  that  most 
of  what   we   got  was   yellow. 

Mr.  L.  A.  Downs  (Illinois  Central)  : — During  the  past  three  or 
four  weeks  I  have  made  an  examination  of  some  red  and  yellow  cypress 
in  Mississippi,  and  I  found  without  a  doubt  that  the  yellow  cypress,  cut 
in  the  Mississippi  brakes,  will  last  very  nearly  as  long  as  the  red  cypress 
cut  in  Louisiana ;  I  speak  of  ties.  The  same  argument  will  hold  for 
piling.  We  had  one  piece  of  track  of  which  we  had  a  good  record, 
laid  in  1898.  The  reason  for  the  two  different  kinds  being  used  was 
on  account  of  a  bridge,  the  ties  being  hauled  from  Louisiana  at  one 
end  anrl  the  cypress  brakes  of  Mississippi  at  the  other  end.  This 
spring  tlicre  were  about  80  per  cent,  of  the  ties  left  in  that  track. 
There  will  be  about  20  per  cent,  taken  out  this  year,  leaving  about 
60  per  cent,  oi  both  kinds  of  ties  in  the  track.     On  further   examina- 
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tion  of  the  ties  in  Mississippi,  we  had  some  reports  that  the  ties  did 
not  last  more  than  four  or  five  years.  We  ahnost  took  that  as  con- 
clusive that  cypress  ties  from  Mississippi  would  not  last  as  long  as 
those  from  Louisiana,  but  after  an  extended  examination  we  found 
thai    it   was   due   to  the  sap. 

Going  over  a  section  of  track  where  we  have  a  record  of  the 
year  in  which  it  was  built,  we  counted  the  number  of  ties  that  had 
been  decayed  in  three  years,  and  in  the  case  of  one  track,  of  which 
I  made  a  very  thorough  examination,  25  per  cent,  of  them  were  de- 
cayed, the  balance  were  good.  In  some  new  branch  lines,  where  we 
had  a  perfect  record  of  the  year  in  which  they  were  laid,  some  of 
the  ties  lasted  from  eight  to  ten  years,  and  soma  of  the  ties  we 
know  are  good  for  from  twelve  to  fifteen  years.  They  are  Missis- 
sippi yellow  cypress,  and  that  is  what  governed  me  in  making  this 
motion  to  include  yellow  cypress,  because  I  am  satisfied  that  if  it  is 
heart  it  will   last. 

Mr.  Wm.  L.  Hall  (Forest  Service)  : — If  it  is  a  good  thing  to 
encourage  the  use  of  several  names  for  one  kind  of  timber,  then  there 
would  seem  to  be  excellent  reason  for  allowing  the  three  descriptive 
adjectives  to  be  put  on  cypress.  But  inasmuch  as  it  is  all  one  wood, 
and  inasmuch  as  not  only  the  railroads  but  manufacturers  and  others  will 
profit  by  the  use  of  one  name  that  will  apply  in  all  parts  of  the 
country,  would  it  not  be  better  to  not  put  on  the  qualifying  words? 
They  all  refer  to  one  kind  of  tree.  There  may  be  several  types  of  it, 
a  piece  of  timber  that  comes  from  one  place  may  last  longer  than  a 
piece  that  comes  from  another.  The  durability  is  largely  determined 
by  the  amount  of  heart.  My  understanding  is  that  all  three  names 
refer  to  a  good,  durable  cypress  of  the  same  quality  and  it  would  not 
seem   desirable    to   attach    three    names   to    the   same   quality   of   cypress. 

Mr.  Bowser : — I  think  there  are  about  forty  different  varieties  of 
cypress.  White  cypress  can  be  white  clear  to  the  center  of  the  tree, 
in  which  case  it  will  not  last  two  years,  but  in  the  case  of  the 
majority  of  the  white  cypress,  if  the  heart  is  yellow,  we  call  it  yellow 
cypress.  Nine-tenths  of  the  cypress  bought  in  this  country  is  called 
red,  but  it  is  yellow.  I  believe  that  three-quarters  of  what  we  get 
from  Louisiana  is  exactly  the  same  cypress.  If  white  cypress  has  a 
dark  heart,  we  have  proven  on  the  Illinois  Central  that  it  is  durable 
and  makes  a  good  timber  for  piling  and  ties.  We  get  very  little 
yellow  cypress  from  Arkansas.  I  once  examined  a  lot  of  piling  from 
that  state  and  found  it  was  white  to  the  center.  I  venture  to  say 
that  two-thirds  of  the  ties  in  the  L.  &  N.  tracks  are  yellow  cypress 
ties. 

The  President : — The  question  is  on  Mr.  Fritch's  amendment  to 
qualify  "cypress"  by  the  insertion  of  the  words  "red  or  black." 

(Motion   lost.) 
.    The   Secretary: — "3.     All   piles   must  be   butt   cut   above   the  ground 
swell   and  have   a  uniform   taper   from  butt   to    tip.     Short   bends    will 
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not  be  allowed.  A  line  drawn  from  the  center  of  the  butt  to  the  cen- 
ter of  the  tip  shall  lie  within  the  body  of  the  pile." 

Mr.  Snell : — 1  consider  a  specification  applying  to  white  oak  piles, 
which  calls  for  a  line  drawn  from  center  of  butt  to  center  of  tip  to 
remain  within  the  body  of  the  pile,  an  impossible  one,  particularly 
where  the  piling  is  to  be  as  long  as  50  feet  and  up.  The  Lackawanna 
recently  endeavored  to  place  an  order  for  100  white  oak  piles  50 
feet  and  up  in  length  and  allowed  one  inch  clearance  of  line  stretched 
from  center  to  center,  and  were  unable  to  place  the  order  until  they 
allowed  three  inches  clearance.  I  consider  that  in  all  cases  the  length 
of  the  pile  should  govern  the  crook  to  be  allowed ;  that  is,  it  should 
not  apply  on  a  60-foot  stick  and  a  30-foot  stick  alike. 

Mr.  Bainbridge :. — The  question  was  very  carefully  considered,  and 
it  was  thought  that  more  of  a  crook  could  be  allowed  in  a  short  pile, 
which  was  relatively  heavier,  than  in  a  long  pile.  As  a  matter  of 
fact,  the  strength  of  the  long  pile  is  much  more  essential  than  thpt 
of  the  short  pile.  It  will  get  harder  driving.  This  is  an  old  specifica- 
tion, in  use  many  years.  Before  including  it  in  the  report,  I  went 
over  1,000  piles  and  had  a  couple  of  young  men  go  over  about  1,000 
others,  that  were  nothing  but  second-class  piles,  and  there  were  not 
over  25  or  50  of  these  piles  that  would  not  fulfill  the  specification. 
They  were  maple,  Norway,  tamarack,  red  oak,  and  there  were  hardly 
any  of  them  that  would  not  fill  the  specification,  and  they  were  not 
bought  with  the  intention  of  filling  this   requirement  either. 

Mr.  J.  A.  Lahmer  (Kansas  City  Southern)  : — ^How  long  were 
these  piles? 

Mr.  Bainbridge : — All  the  way  from  30  to  75   feet. 

Mr.    Snell: — Was    there    any    white   oak? 

Mr.  Bainbridge: — No,  all  second  class.  There  were  some  long- 
leaf   pine.     These    were    almost    absolutely    straight. 

Mr.    Snell: — ^Are   wc   working  on   specifications    for  first-class   piles? 

Mr.  Bainbridge: — In  that  respect,  the  same  specification  covers 
both.  It  was  considered  tliat  the  driving  of  the  pile  was  the  essential 
feature.  As  regards  straightncss,  it  was  considered  that  a  second- 
class  pile  should  be  as  nearly  straight  as   a   first-class   pile. 

The  Secretary: — "4.  Unless  otherwise  allowed  all  piles  must  be 
cut  when  sap  is  down.  All  piles  must  be  peeled  soon  after  cutting. 
All  knots  shall  be  trimmed  close  to   the  body  of  the  pile. 

"5.  For  round  piles  the  minimum  diameter  at  the  tip  shall  be 
nine  (9)  in.  for  lengths  not  exceeding  tliirly  (30)  ft.;  eight  (8)  in. 
for  lengths  over  thirty  (30)  ft.  but  not  exceeding  fifty  (50)  ft.,  and 
seven  (7)  in.  for  lengths  over  fifty  (50)  ft.  The  minimum  diameter 
at  one-quarter  of  the  length  from  the  butt  shall  be  twelve  (12)  in. 
and  the  maximum  diameter  at   the  butt  twenty   (20)    in." 

Mr.  Courtenay: — I  move  an  amendment  by  adding  one  inch  to 
the    diameter    of    the    small    end    in    paragraph    5. 

(Motion   lost.) 
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The  Secretary: — "6.  For  square  piles  the  minimum  width  of  any 
side  at  the  tip  shall  be  nine  (9)  in.  for  lengths  not  exceeding  thirty 
(30)  ft. ;  eight  (8)  in.  for  lengths  over  thirty  (30)  ft.  but  not  exceed- 
ing fifty  (50)  ft.,  and  seven  (7)  in.  for  .  lengths  over  fifty  (50)  ft. 
The  minimum  width  of  any  side  at  one-quarter  of  the  length  from  the 
butt    shall    be    twelve     (12)     in. 

"7-  Square  piles  shall  show  at  least  eighty  (80)  per  cent,  heart 
on  each  side  at  any  cross-sectipn  of  the  stick,  and  all  round  piles 
shall  show  at  least  ten  and  one-half  (10^/^ "I  in.  diameter  of  heart  at 
the   butt. 

"No.  2  R.  R.  Grade. — 8.  This  grade  includes  red  and  all  other 
oaks  not  included  in  No.  i  R.  R.  grade,  sycamore,  sweet,  black  and 
tupelo  gum,  maple,  elm,  hickory,  Norway  pine,  or  any  sound  timber 
that    will    stand    driving. 

"9.  The  requirements  for  size  of  tip  and  butt,  taper  and  lateral 
curvature  are  the  same   as  for  grade   No.    i. 

"10.     Unless    otherwise    specified    piles    need    not    be    peeled. 

"11.  No  limits  are  specified  as  to  the  diameter  or  proportion  of 
heart. 

"12.  Piles  which  meet  the  requirements  of  grade  No.  I  excepi 
the    proportion    of   heart    specified    will    be    classed    as    No.    2." 

Mr.  L.  C.  Fritch : — I  move  that  conclusion  3,  relating  to  the 
revised    specifications    for    timber    piles,    as    amended,    be    approved. 

(Motion    carried.) 

Prof.  Jacoby : — By  vote  of  the  Association  last  year  the  question 
of  standard  names  for  structural  timbers  was  referred  back  to  the 
Committee,  and  as  this  matter  is  directly  related  to  what  has  just 
been  passed  upon,  the  Committee  reports  conclusion  5  and  asks  for 
its  consideration  at  this  time.  It  reads :  'That  the  standard  names 
for  structural  timbers  be  approved."  They  were  published  in  the 
Bulletin  last  year,  and  are  also  published  in  the  Proceedings,  Vol.  9. 
page  358.  The  Committee  has  given  further  consideration  to  the 
objections  made  last  year  and  the  year  before  and  fails  to  see  any 
reason  why  its  position  should  be  modified.  The  only  point  of  dif- 
ference raised  was  in  regard  to  the  subdivision  of  Southern  yellow 
■pine.      The    Committee    report    under    this    definition    reads    as    follows: 

"i.  Southern  Yellow  Pine.— Under  this  heading  three  classes  of 
timber  are  used:  (a)  longlcaf  pine,  (b)  shortleaf  pine,  (c)  loblolly 
pine." 

The  Committee  desires  to  report  the  conclusion  that  the  standard 
names  for  structural  timbers  be  approved  in  the  form  in  which  they 
were   printed  in   the   Proceedings. 

Mr.  L.  C.  Fritch : — I  move  that  conclusion  5  of  the  Committee 
be    adopted. 

(Motion    carried.) 

Prof.    Jacoby : — The    next    part    of    the    report    of    this     Committee 
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refers  to  the  recommended  safe  unit  stresses  for  structural  timbers 
The  report  begins  on  page  15  and  ends  on  page  37.  A  table  which 
gives  the  final  results  of  the  investigations  by  the  Committee  extend- 
ing over  several  years  is  given  on  page  27-  An  attempt  has  been 
made  to  study  all  tests  that  have  been  made  in  this  country  and 
Canada,  as  indicated  in  the  bibliography  published  two  years  ago,  and 
these  have  been  very  carefully  studied  and  the  results  put  in  tabular 
form.  The  discussion  in  Appendix  B  points  out  the  relation  of  the 
strength  of  the  lowest  10  per  cent,  group  of  a  given  series  of  tests 
as  compared  with  the  average  strength  for  the  entire  scries.  The 
relation  of  all  the  groups  is  shown  on  a  number  of  diagrams.  L.ist. 
year  a  large  number  of  diagrams  were  published  indicating  the  present 
practice  of  the  railroads  with  reference  to  unit  stresses  employed  in 
designing  wooden  bridges  and  trestles.  I  move  the  adoption  of 
conclusion  No.  4,  that  the  list  of  safe  unit  stresses  for  structural 
timber  be  approved. 

Mr.  Loweth : — I  suggest  the  desirability  of  changing  the  expres- 
sion, "safe  stresses,"  wherever  it  occurs  in  the  table  and  its  footnotes, 
to  "working  stresses."  The  expression  "safe  stresses"  might  lead  to 
the    inference    that    anything    in    excess    would    be    unsafe. 

Prof.  Jacoby: — The  Committee  will  accept,  that. 

Before  voting  on  the  motion  relating  to  this  conclusion  I  wish 
to  make  a  statement  on  the  necessity  for  a  note  to  accompany  the 
table  of  unit  stresses  when  printed  in  the  Manual,  and  for  this 
reason :  We  all  remember  that  when  the  excellent  report  of  1895 
was  made  by  a  Committee  of-  the  American  Association  of  Railway 
Superintendents  of  Bridges  and  Buildings,  of  which  the  late  Mr. 
Berg  was  chairman,  that  the  part  of  the  report  on  unit  stresses  in 
the  form  of  two  tables  was  copied  very  widely,  being  published  in 
hand-books,  text-books  and  engineering  periodicals  throughout  the 
world,  and  in  many  cases  these  results  were  used  in  a  different  way 
from  that  intended  by  the  Committee.  It  seems,  therefore,  desirable 
that  when  this  table  is  published  in  the  Manual  that  a  note  should 
accompany  it  calling  attention  to  certain  points,  so  that  it  will  not 
be  used  in  a  manner  different  from  that  intended  by  the  Committee. 
The  note  reads  as  follows : 

"Note. — The  working  unit  stresses  given  in  this  table  are  in- 
tended for  railroad  bridges  and  trestles.  For  highway  bridges  and 
trestles  the   unit   stresses    may  he   increased    twenty-five    (25)    per    cent. 

"For  buildings  and  similar  structures  in  which  the  timber  is  pro- 
tected from,  the  weather  and  practically  free  from  impact,  the  unit 
stresses    may    be    increased    fifty    (50)    per    cent. 

"To  compute  the  deflection  of  a  beam  under  long-continued  loading 
instead  of  that  when  the  load  is  first  applied,'  cnly  fifty  (50)  per  cent, 
of  the  corresponding  modulus  of  elasticity  given  in  the  table  is  to 
be  employed." 
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The  President: — The  suggestion  of  Piof.  Jacoby  will  be  received 
as  information,  and  the  question  now  is  upon  the  adoption  of  this 
conclusion    as    amended. 

(Motion    carried.) 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  :— Mr.  Fritch 
made  a  motion  a  while  ago  that  conclusion  3,  as  revised,  be  approved. 
My    recollection    is    that    all    amendments    were    defeated. 

Mr.  Fritch: — Excepting  that  chestnut  was  included. 

Mr.  .  Wendt : — What  does  the  Committee  desire  included  in  the 
Manual    with    reference    to   conclusion    4? 

Prof.  Jacoby : — It  is  intended  that  the  table  on  page  37  of  Bulle- 
tin 107  be  printed  in  the  Manual,  with  the  addition  of  the  note  which 
was  read  a  few  moments  ago,  and  with  the  modification  suggested 
by  Mr.  Loweth,  which  was  accepted  by  the  Committee,  to  change 
"safe   stresses"    to    "working    stresses." 

Mr.  Wendt : — In  Vol.  g  of  the  Proceedings,  page  358,  how  much 
of  the  next  do  you   want   included? 

Prof.  Jacoby : — The  standard  names  for  structural  timbers  are  also 
to  go  into  the  Manual.  There  is  one  other  item  to  which  we  wish 
to  call  your  attention.  The  last  part  of  the  report  consists  of  the  subject 
of  piles  and  pile-driving,  and  we  desire  to  report,  as  the  result  of  a 
conference  of  the  Conmiittee  this  morning,  a  few  modifications  in 
the   definitions. 

I   move   that   conclusion   4   be   adopted. 

(Motion    carried.) 

The  President : — The  Committee  will  be  excused  with  the  thanks 
of    the    Association. 

Mr.  W.  K.  Hatt  (by  letter)  : — -The  three  committees,  namely,  of 
this  Association,  the  American  Society  for  Testing  Materials,  and  the 
Yellow  Pine  Manufacturers,  are  still  at  variance  upon  these  specifica- 
tions. The  outstanding  differences,  however,  are  not  serious.  They 
are  mainly :  (a)  the  trade  names  for  Southern  pines,  and  (b)  general 
requirem.ents. 

(a)  No  mention  is  made  in  the  Committee's  report  of  the  un- 
settled question  of  the  trade  names  for  the  Southern  pines.  The 
writer's  view  is  that  the  classification  of  the  American  Society  for 
Testing  Materials  should  be  adopted.  This  contemplates:  (i)  longleaf 
pine;  (2)  shortleaf  pine.  These  names  are  not  specific,  but  refer  to 
a  quality  which  should  be  specified.  The  writer  believes  it  is  ad- 
mitted that  few  experts  can  distinguish,  with  certainty,  intermediate 
and  suitable  timbers  of  these  species.  Extreme  forms  are  easily  dis- 
tinguishable. A  practical  way,  in  the  writer's  view,  is  to  specify  two 
classes  and  distinguish  these  upon  the  basis  of  limits  of  growth ;  that 
is,  rings  per  inch.  The  upper  limit  of  growth  would  separate  the 
longleaf  from  the  shortleaf,  and  the  lower  limit  would  exclude  un- 
suitable  shortleaf   or   loblolly.     The    inspection    of   timber   would,    in    all 
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cases,  be  based  upon  this  limit,  used  in  conjunction  with  the  general 
requirement  of  timber. 

The  Committee  of  the  American  Society  for  Testing  Materials  has 
been  working  on  the  problem  of  these  limits  of  growth.  It  is  under- 
stood that   Dr.  Von   Schrcnk  has   gathered   the  necessary   information. 

The  writer  believes  the  specifications  for  structural  timber  are 
about  right,  except  the  general  requirements,  which  should  be  rewritten 
as   follows : 

"Except  as  noted,  all  timber  shall  be  cut  from  sound  trees,  sawed 
standard  size,  true  and  straight,  square  edged,  and  practically  out  of 
wind;  close  grained,  solid,  and  free  from  defects  such  as  injurious  ring 
shakes  and  cross  grain,  unsound  or  loose  knots,  knots  in  groups,  decay, 
large  pitch  pockets,  or  other  defects  that  will  materially  impair  its 
strength." 

This  modifies  the  Committee's  general  requirements  by  arranging 
the  items  in  a  more  logical  order  and  inserting  "practically"  before 
"olit  of  wind,"  and  also  the  use  of  the  term  "cross  grain,"  instead  of 
"crooked   grain." 

The  sheets  accompanying  the  Committee's  report  are  valuable.  It 
should  be  noted,  however,  that  in  Sheet  19  and  the  following  the  mois- 
ture content  is  not  stated  in  the  case  of  many  of  the  experiments. 
The  discrepancy  of  the  experiments  is  not  as  great  as  might  be  as- 
sumed from  the  exhibitions  upon  these  sheets.  It  is  probable  that  the 
differences  between  the  lower  and  upper  limit  are  to  be  accounted  for 
by  the  difference  of  moisture  content. 

The  sheets  in  general  show  that  little  value  attaches  to  tests  of 
small  samples  from  the  standpoint  of  use  of  results  in  structural  de- 
sign. It  is  a  singular  fact,  however,  that  some  of  the  noted  scientists 
of  Europe  oppose  such  tests  on  large  sticks.  Otic  objection  is  thai 
such   sticks   contain   defects! 

Dr.  Hermann  Von  Schrenk  (by  letter)  : — In  lonking  over  the  Com- 
mittee's report,  the  writer  finds  no  mention  of  the  question  reassigned 
to  the  Committee  last  year  with  reference  to  the  names  for  Southern 
pines.  In  the  report  of  the  American  SQcicty  for  Testing  Materials, 
adopted  by  the  Society  a  year  ago,  it  was  recommended,  in  view  of 
the  fact  that  even  the  best  experts  cannot,  with  any  degree  of  cer- 
tainty, distinguish  the  various  botanical  species  of  Southern  pines 
after  these  have  been  manufactured  into  lumber  and  timbers,  that  for 
practical  purposes  Southern  pines  be  classified  into  shortleaf  and 
longleaf   pines. 

The  writer  has  for  a  good  many  years  been  trying  to  find  some 
definite  basis  for  distinguishing  the  various  groups  of  Southern  pines, 
which  should  be  of  such  character  that  it  would  not  require  a  technical 
expert  to  distinguish  them.  As  the  result  of  a  great  many  measure- 
ments made  in  the  various  sawmills  of  the  Southern  States  during  the 
last    two    years,    the    writer    recommended    that    the    various    classes    of 
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Southern  pines  be  distinguished  on  the  basis  of  the  number  of  growth 
rings  per  inch,  as  measured  in  an  average  of  five  (5)  in.  when  the 
rule  is  held  from  the  center  of  the  stick  outward.  As  the  result  of 
many  measurements,  details  of  which  will  be  communicated  to  the 
American  Society  for  Testing  Materials  at  the  next  annual  meeting, 
it  is  recommended  that  that  timber  which  has  fifteen  (15)  growth  rings 
per  inch  or  more  as  measured  in  an  average  of  five  (5)  in.  across 
the  face  of  the  stick,  shall  be  considered  longleaf  pine;  any  timber 
having  less  than  this  number  of  growth  rings  shall  be  considered 
shortleaf  pine.  If  for  any  reason  it  is  desired  to  classify  shortleaf 
pine  into  shortleaf  and  loblolly,  such  sticks  shall  be  considered  short- 
leaf  as  have  an  average  of  eight  (8)  rings  and  less  than  fifteen  (15) 
rings  per  inch,  and  all  with  less  than  eight  (8)  rings  per  inch,  shall 
be  considered  loblolly. 

In  making  this  suggestion  the  writer  is  aware  that  these  figures 
must  be  considered  tentative,  but  believes  that  they  are  close  approxima- 
tions. It  is  pointed  out  that  the  factors  for  distinguishing  the  Southern 
pines  in  making  specifications  for  structural  material  are,  first,  strength 
requirements,  and,  second,  requirements  of  durability.  It  has  been  de- 
termined with  a  fair  degree  of  exactness  that  the  densest  sticks  are 
usually  the  strongest,  and  the  more  porous  sticks  the  weakest.  The 
number  of  pieces  of  botanical  shortleaf  or  botanical  loblolly  with  more 
than  fifteen  (15")  rings  per  inch  will  be  very  few,  and  such  as  do  have 
that  number,  will  be  found  to  be  the  sticks  of  maximum  strength  of 
either   shortleaf  or   loblolly    species. 

The  method  of  distinguishing  the  Southern  pines  by  means  of 
growth  rings  is  an  easy  method,  and  one  which  anybody  can  readily 
understand  snd  apply.  It  is  simpler  than  the  most  exact  scientific 
methods  of  distinguishing  these  species  botanically,  and  while  some 
mistakes  will  be  made  in  applying  this  rule,  it  can  be  stated  with  equal 
certainty  that  mistakes  are  made  in  applying  rigid  botanical  specifica- 
tions. That  even  the  most  exact  microscopic  methods  are  not  always  to 
be  depended  upon  is  well  shown  in  a  recent  publication,  "North  Ameri- 
can Gymnosperms,"  by  Dr.  D.  P.  Penhallow,  probably  the  leading 
authority  on  the  microscopic  character  of  American  woods,  who  in  ap- 
plying the  key  for  determining  the  different  species  of  wood,  selected  a 
number  of  test  specimens  both  from  hardwoods  and  pines.  Of  this  final 
test  he  says  in  the  introduction  of  the  volume :  "A  final  application  of 
the  test  specimens  under  the  precise  conditions  which  would  obtain  in 
ordinary  practice  showed  a  verification  of  91.5  per  cent,  for  all  genera 
and  species.  In  this  connection,  it  may  be  of  interest  to  note  that  the 
greatest  sources  of  error  were  to  be  found  in  the  second  section  of  the 
genus  Finns  (pines),  particularly  in  P.  taeda  (loblolly  pines),  P.  echinata 
(shortleaf  pine),  and  P.  glabra  (spruce  pine)  in  the  order  given, 
whence  it  appears  that  these  species  stand  out  as  the  most  variable 
of  the  entire  coniferales  (pine  family),  and,  on  the  whole,  the  most 
difficult  to  determine."     The   writer  has  quoted   from  this   volume   thus 
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extensively  because  this  quotation  shows  better  tiian  any  lengthy  argu- 
ment, coming  as  it  does  from  the  highest  authority  in  this  country, 
that  even  with  the  most  exact  microscopic  methods  it  is  a  hazardous 
thing  to  try  to  distinguish  pieces  of  wood  of  the  Southern  pines  with 
any  degree  of  certainty  and  exactness.  If  this  cannot  be  done  micro- 
scopically, how  can  we  expect  the  engineer  and  timljcr  inspe-^tor  to 
classify  these  timbers   by  merely  looking   at   them. 

The  specification  in  which  Southern  pines  are  distinguished  on 
the  basis  of  eight  (8)  rings  per  inch  is  now  being  tried  on  the  Rock 
Island,  Frisco  and  Chicago  &  Eastern  Illinois  systems,  and  the  writer 
would  urge  upon  the  Committee  the  desirability  of  giving  this  system 
of  dis'tinguishing  the  Southern  pines  a  trial  until  some  better  method 
can  be  found. 

(Thursday    morning    session.) 

The  President : — The  chair  will  ask  unanimous  consent  to  allow 
Prof.  Jacoby,  chairman  of  the  Committee  on  Wooden  Bridges  and 
Trestles,  to  occupy  a   few  moments  of  your  time  to  make  a  statement. 

Prof.  Jacoby: — Mr.  President,  the  matter  relates  to  the  designa- 
tion of  the  two  grades  of  yellow  pine  timber,  the  specifications  for 
which  were  adopted  by  the  Association  yesterday.  At  our  conference 
with  the  representatives  of  the  other  associations  last  July  the  com- 
mittees agreed  upon  these  designations :  "No.  i  R.  R."  and  "No.  2 
R.   R." 

At  the  January  meeting  of  the  Yellow  Pine  Manufacturers'  Asso- 
ciation their  committee  was  not  upheld  by  the  convention,  on  the 
ground  it  would  cause  confusion  with  the  names  of  existing  grades, 
which  could  not  possibly  be  tolerated.  That  association  then  adopted 
the  names  "No.  i  R.  R.  Heart"  and  "No.  i  R.  R."  That  was  ob- 
jectionable to  our  Committee  for  the  reason  that  there  are  two  No. 
I's,  and  if  the  word  "heart"  were  overlooked  in  some  way  it  would 
cause  confusion. 

This  matter  was  considered  in  a  conference  the  other  evening  be- 
fore we  reported,  but  no  suggestion  seemed  to  meet  with  approval  on 
both  sides.  Yesterday,  however,  after  our  Committee  reported  to  the 
Association,  another  conference  was  held,  when  the  suggestion  was 
adopted  to  call  the  first  grade  "R.  R.  Heart"  and  the  second  grade 
"R.  R.  Falsework."  Permission  is  therefore  requested  to  make  this 
change   before   the    designations    are    printed. 

A  suggestion  was  made  to  substitute  "temporary  work"  for  "false- 
work," but  there  are  objections  to  this  term,  for  the  reason  that  some 
of  this  maierial  may  be  put  under  the  water  in  foundation  work,  and 
which    might    remain    permanently. 

We  simply  ask  unanimous  consent  to  have  the  proposed  changes 
made    in    the    designations    of    the    two    grades. 

(The  President  put  the  question  of  granting  sucii  unanimous  con- 
sent and   consent  was   so  granted.) 


REPORT   OF   COMMITTEE   NO.   XVII— ON   WOOD 
PRESERVATION. 

(Bulletin    107.) 

To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of   Way  Association: 

INSTRUCTIONS    TO    COMMITTEE. 

The    instructions    to   the    Committee    were : 

(i)  To  cover  in  general  the  investigating  and  reporting  on  the 
preservation  of  wood  used  for  ties  and  for  railroad  structures  and 
buildings,  confining  the  work  of  the  Committee  more  particularly  to 
processes,  methods  and  results  obtained. 

(2)  To  present  a  recommendation  as  to  outline  of  work  for  the 
Committee,  with  suggestions  for  classification   to   be  followed. 

(3)  Continue  the  zuork  done  heretofore  by  the  Committees  on 
Ties  and  on  Wooden  Bridges  and  Trestles  relating  to  the  special  subjects 
of  processes  and  methods   of  wood  preservation. 

MEETINGS    HELD    AND    PREPARATION    OF    REPORT. 

A  meeting  of  the  Cotnmittee  was  held  in  Chicago  on  May  6  for 
the  purpose  of  determining  on  organization  and  the  character  of  the 
work  to  be  done.  The  following  members  were  present:  Carl  G. 
Crawford,  R.  N.  Begien,  O.  Chanute,  Geo.  M.  Davidson,  V.  K.  Hen- 
dricks, S.  M.  Rowe,  P.  J.  Angier  (representing  T.  E.  Calvert),  A.  L. 
Kuehn. 

The    Sub-Committees   determined    on   were    as   follows : 

A.  Statistics  and  Economics:  O.  Chanute,  Cliairman;  W.  H. 
Courtenay,  E.   B.  Gushing,  T.  E.   Calvert. 

B.  Preservatives:  Dr.  Hermann  Von  Schrenk,  Chairman;  E.  O. 
Faulkner,  Geo.  M.  Davidson,  W.  W.  Curtis. 

C.  Adaptability  of  Woods  and  Their  Preparation:  Dr.  W.  K. 
Hatt,  Chairman;   S.   M.  Rowe,  E.   Stimson,   C.   K   Conard. 

D.  Treating  Processes:  Carl  G.  Crawford,  Chairman;  R.  N. 
Begien,  L.   Bush,   V.  K.  Hendricks,   A.   L.  Kuehn. 

The  second  meeting  was  held  August  26  in  Chicago  for  the  pur- 
pose of  reporting  progress,  at  which  the  following  members  were 
present :  L.  Bush,  T.  E.  Calvert,  O.  Chanute,  W.  W.  Curtis,  Geo.  M. 
Davidson,   W.  K.  Hatt,  Carl   G.    Crawford,  A.  L.   Kuehn. 

The  work  of  preparing  the  final  report  was  carried  on  by  corres- 
pondence  and  conference  with   individual   members. 
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INTRODUCTORY. 

The  subject  of  preservation  of  wood  is  not  yet,  and  may  not  for  a 
long  time,  be  placed  on  a  complete  scientific  basis,  that  is,  it  is  not 
possible  to  predict  by  scientific  means  the  result  of  new  and  particular 
processes.  In  its  present  state  the  study  of  wood  preservation  is  pri- 
marily one  of  results  already  obtained,  particularly  the  studying  of 
American  results  obtained  under  the  conditions  under  which  timber 
treated  in  the  future  will  be  used.  It  is  vital,  therefore,  to  obtain  full 
and  correct  statistics,  because  these  will  form  the  basis  of  future  work. 
From  this  it  can  be  seen  that  the  highly  important  part  of  the  work  of 
the  Committee  on  Wood  Preservation  will  be  the  gathering  of  statistics, 
together  with  the  complete  analysis  of  them.  This  can  essentially  be 
made  one  department  of  the  committee  work.  From  results  already 
obtained  the  economic  value  of  methods  and  processes  can  be  deter- 
mined. It  was  therefore  decided  to  appoint  a  Sub-Committee  on  Sta- 
tistics and  Economics. 

A  thorough  study  of  the  preservatives  or  chemicals  which  have  been 
used  with  known  results  is  necessary  in  order  that  the  known  results 
may  be  reproduced.  Furthermore,  a  detailed  study  of  these  preservatives 
will  unquestionably  result  finally  in  the  full  determination  of  the  action 
which  these  preservatives  produce  and  thus  make  it  possible  to  say 
why  certain  chemicals  or  compounds  do  preserve,  thus  forming  a 
scientific  basis  for  the  whole  subject.  It  is  also  essential  that  practical 
requirements  be  determined  upon  for  preservatives,  resulting  in  proper 
specifications.  It  was  determined  that  this  study  should  be  assigned  to 
a  sub-committee  and  therefore  the  Sub-Committee  on  Preservatives 
was  established. 

In  the  practical  execution  of  wood  preservation  numerous  problems 
occur,  all  of  which  are  not  yet  on  a  proper  basis.  Experience  has 
demonstrated  that  woods  vary  greatly  in  their  receptibility  of  preserva- 
tives. This  is  found  to  be  a  serious  problem  in  the  operation  of  a 
timber  preserving  plant,  and  its  proper  solution  is  essentially  a  problem 
for  this  Committee.  Wood  needs  proper  preparation  in  order  to  be 
successfully  treated.  This  preparation  often  has  serious  effects  on  the 
wood  itself.  Furthermore,  the  application  of  the  preservative  may 
itself  affect  the  wood  in  strength  and  durability.  This  brings  out  the 
fact  that  it  is  necessary  to  study  the  wood  itself  in  the  course  of  its 
preservation.  This  work  was  assigned  to  a  Sub-Committee  on  the 
Adaptability   of   Woods    and    their    Preparation. 

The  study  of  practical  modern  methods  of  treating  timber  means 
the  study  of  successful  plants  and  the  methods  pursued  in  different 
processes.  This  is  essentially  a  study  and  analysis  of  modern  methods 
of  doing  the  work,  and  this  can  be  assigned  to  an  individual  sub- 
committee; therefore,  the  Sub-Committee  on  Treating  Processes  was 
appointed. 

The  work  of  the  Committee  so  far  has  fully  determined  that  many 
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facts  are  known,  but  these  facts  have  not  been  compiled  or  brought 
together  in  the  form  to  be  most  useful.  There  are  a  great  number  of 
statements  given  out  as  facts  which  are  not  proven.  The  Committee, 
in  its  first  year,  recognizing  the  responsibility  which  rests  with  it  and 
feeling  that  the  work  of  its  first  year  should  be  primarily  an  analysis, 
refrains  in  general  from  presenting  matter  to  the  Association  for  posi- 
tive action,  excepting  in  a  few  minor  cases.  The  feport,  therefore,  in 
general  contains  facts,  statements  and  analyses  for  the  foundation  of 
future  work. 

(A)     STATISTICS. 

Thirty-nine  members  of  this  Association  were  selected  who  were 
likely  to  possess  information.  The  Committee  was  extremely  fortunate, 
receiving  thirty-six  answers.  These  are  summarily  abstracted  in  Table 
I.  This  table  must  be  taken  as  giving  information  so  far  obtained.  It 
is  not  conclusive  and  will  in  the  future  be  revised  and  enlarged.  Some 
preliminary  deductions  may,  however,  be  made,  but  it  is  realized  that 
modifications  may  result  from  further  reports.  The  statements  as  given 
will  be  seen  to  date  back  to  185 1.  The  detailed  reports  have  been  filed 
in  the  Association  office  and  are  open  for  reference. 

(i)  Creosoting  may  be  relied  upon  to  preserve  piles  from  20  to  25 
or  more  years  if  they  are  injected  with  16  to  24  lbs.  per  cubic  foot. 
See  instances  2,  3,  6,  7,  11  and  22.  (Instance  2  is  given  in  full  in 
Appendix  A.) 

(2)  Creosoting  at  present  cannot  be  relied  upon  to  preserve  ties 
more  than  155^  (instance  3)  to  19  years  (instance  5),  an  absolute  maxi- 
mum, unless  the  ties  are  protected  against  mechanical  destruction.  If 
badly  injected,  they  perish  from  decay  in  5  to  12  years   (instance  13). 

(3)  Burnettizing  when  well  done  can  be  relied  upon  to  preserve 
ties  from  10  to  14  years.  The  amount  to  be  injected  varies  with  the 
proposed  subsequent  exposure.  In  arid  climates  l4-\h.  of  dry  zinc 
chloride  per  cubic  foot  may  give  good  results.  In  moist  and  warm 
climates  not  less  than  ^-Ib.  per  cubic  foot  should  be  injected.  (See 
instances  7,  8,  9,  10,  12,  is-B  and  21.)  There  are  great  differences  in 
the  thoroughness  with  which  the  work  can  be  done,  as  shown  by 
instances  16,  27,  37.  See  also  in  Appendix  B  the  difference  between 
good  and  bad  work. 

(4)  The  Zinc-Creosote  process  has  been  too  recently  introduced 
(1904)  in  this  country  to  give  definite  conclusions;  it  has  given  ties  a 
life  of  12  to  18  years  in  the  track  in  Germany. 

(5)  The  Rueping  and  the  Lowry  processes  are  too  recent  to  form 
definite  opinions  as  to  the  resulting  life  of  ties. 

(6)  Great  waste  and  disappointment  will  result  unless  accurate 
records  are  kept,  for  ten  years  at  least,  of  the  results  in  the  track,  con- 
necting them  with  the  way  in  which  the  work  has  been  done.  The  best 
method  of  identification  is  by  dating  nails. 
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(7)  It  is  indicated  by  the  statistics  given  that  a  treated  tie  or  tim- 
ber may  be  destroyed  by  mechanical  action  long  before  it  is  decayed.  The 
present  general  American  method  of  rail  fastening  is  not  ample  and  not 
efficient.  It  is  essential  in  order  to  obtain  the  full  economic  life  of  a 
preserved  tie  to  improve  the  fastening  by  providing  greater  bearing  sur- 
face and  by  the  use  of  screws  or  screw  spikes. 

(B)     PRESERVATIVES. 

The    work    on   preservatives    is    necessarily    progressive.      The    Com- 
mittee  does  not  wish  to  present  at   this   time   a   detailed    study   of   pre- 
servatives  in   general.     It   was   determined   to   limit   the    work   this   year 
to  coal-tar  -  creosote    and    chloride    of   zinc,    which    are   now    being    com 
monly  used. 

The  increasing  demand  for  coal-tar  creosote  has  shown  the  neces- 
sity for  the  adoption  of  some  standard  specification.  At  the  present  tinse 
a  considerable  number  of  different  specifications  for  this  substance  are 
in  use  (see  Vol.  9,  p.  740,  of  the  Proceedings).  These  differ  mainly 
with  respect  to  the  amount  of  low-boiling  fractions  permitted,  and  they 
differ,  furthermore,  in  the  manner  in  which  the  constituents  of  the  coal- 
tar  creosote  are  stated.  Some  specifications  specify  certain  definite  per- 
centages of  compounds,  while  others  refer  to  definite  quantities  of  frac- 
tions obtained  in  distilling  the  creosote,  making  no  specific  reference  to 
individual  compounds. 

The  chief  requisite  for  a  successful  coal-tar  creosote,  i.  e.,  one  which 
shall  preserve  wood  for  an  indefinite  period  of  time,  should  be  that  the 
oil  be  composed  of  compounds  which,  because  of  their  high-boiling  points, 
will  guarantee  the  greatest  possible  stability.  Taking  the  oils  as  they 
are  now  manufactured,  the  endeavor  should  be  to  reduce  the  low-boiling 
fractions  as  far  as  possible,  consistent  with  obtaining  an  oil  which  shall 
be  fluid  enough  at  all  working  temperatures  to  obtain  a  thorough  and 
equal  penetration  throughout  the  mass  of  the  wood  cells.  This  means 
that  it  is  found  advisable  to  omit  any  definite  reference  to  individual 
compounds  in  any  specification  for  creosote  oil.  The  correctness 
of  this  conclusion  is  sufficiently  demonstrated  by  the  fact  that  there 
appears  to  be  no  agreement  among  those  who  have  used  creosote  oil  for 
a  long  period  of  years  as  to  which  compound  or  compounds  are  to  be 
considered  as  specifically  important  in  increasing  the  preservative  value 
of  coal-tar  creosote. 

With  this  end  in  view  the  following  specification  is  recommended 
(see  Appendix  F,  report  of  Tie  Committee,  Vol.  9,  of  the  Proceedings). 
The  principal  points  in  connection  with  this  specification  are  that  it 
leaves  out  of  consideration  the  question  of  relative  properties  of  com- 
pounds and  dwells  essentially  upon  the  necessity  of  obtaining  fractions 
of  a  high-boiling  character,  as  determined  by  fractional  distillation : 
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STANDARD    SPECIFICATION    FOR    COAL-TAR    CREOSOTE. 

The  oil  used  shall  be  the  best  obtainable  grade  of  coal-tar  creo- 
sote; that  is,  it  must  be  a  pure  product  of  coal-tar  distillation  and  must 
be  free  from  admixture  of  oils,  other  tars  or  substances  foreign  to 
pure  coal  tar ;  it  must  be  completely  liquid  at  thirty-eight  (38)  de- 
grees Centigrade,  and  must  be  free  from  suspended  matter;  the 
specific  gravity  of  the  oil  at  thirty-eight  (38)  degrees  Centigrade  must 
be  at  least  1.03.  When  distilled  according  to  the  common  method, 
that  is,  using  an  eight  (8)  ounce  retort,  asbestos  covered,  with  stand- 
ard thermometers,  bulb  one-half  (I/2)  in.  above  the  surface  of  the 
oil,  the  creosote,  calculated  on  the  basis  of  the  dry  oil,  shall  give  no 
distillate  below  two  hundred  (200)  degrees  Centigrade,  not  more  than 
five  (5)  per  cent,  below  two  hundred  and  ten  (210)  degrees  Centi- 
grade, not  more  than  twenty-five  (25)  per  cent,  below  two  hundred 
and  thirty-five  (235)  degrees  Centigrade,  and  the  residue  above  three 
hundred  and  fifty-five  (355)  degrees  Centigrade,  if  it  exceeds  five  (5) 
per  cent,  in  quantity,  must  be  soft.  The  oil  shall  not  contain  more 
than   three    (3)    per   cent,   water. 

SPECIFICATION    FOR    ZINC-CHLORIDE. 

The  zinc-chloride  used  shall  be  as  free  from  any  impurities  of  any 
kind   as   is   practicable,   being   slightly  basic   and   free   from   free   acid. 

METHODS    FOR    MEASURING    COAL-TAR    CREOSOTE. 

The  Committee  finds  that  there  are  a  good  many  different  methods 
in  use  at  the  present  time  for  determining  the  amount  of  creosote  both 
as  received  at  the  treating  plants  and  as  absorbed  by  the  timber.  These 
differences  relate  largely  to  different  temperatures  at  which  oil  is  meas- 
ured. Some  state  the  number  of  gallons  of  oil  received  or  used  at  60 
degrees  F.,  others  at  100  degrees  F.,.  others  at  no  degrees  F.,  etc.,  etc. 
This  has  given  rise  to  a  good  deal  of  confusion,  and  as  there  appears 
to  be  no  good  reason  why  there  should  be  so  many  different  standards, 
the  Committee  recommends  that  the  standard  temperature  at  which  oil 
should  be  stated  as  100  degrees  F.  At  this  temperature  practically  all 
creosote  oils  in  common  use  are  liquid  and  can  therefore  be  readily 
measured. 

In  view  of  the  fact  that  coal-tar  creosote  is  used  at  temperatures 
other  than  100  degrees  F.,  i.  e.,  either  above  or  below  100  degrees  F.,  it 
is  necessary  to  reduce  the  volume  at  any  observed  temperature  to  the 
standard  volume  at  100  degrees  F.  The  factor  which  is  almost  univer- 
sally in  use  at  the  present  time  for  making  volume  corrections  is  one  "^er 
cent.  (1%)  expansion  or  contraction  in  volume  for  every  22l4  degrees. 

In  making  corrections  for  volume  it  is  exceedingly  important  to  state 
a  volume  at  a  standard  temperature  as  indicating  one  hundred  per  cent., 
1.  e.,  a  unit  volume.  If  this  be  taken  at  100  degrees  F.,  this  will  mean 
that  oil  at  a  temperature  of   122H   degrees   F.  will   be   loi   per  cent,  of 
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the  volume  at  lOO  degrees  F.  In  the  same  manner  oil  at  77^/2  degrees 
F.  will  be  99  per  cent,  of  the  volume  at  100  degrees.  Bearing  this  in 
mind  and  taking  the  temperature  at  100  degrees  as  the  standard,  the 
following  table  is  submitted  to  be  used  in  converting  the  volume  at  any 
of  the  temperatures  ordinarily  obtained  to  the  standard  volume  at  100 
degrees  F. : 

Table  II. 
FACTORS  TO  BE   USED  FOR  DETERMINING  THE  VOLUME  OF  CREOSOTE  OIL  AT 
100   DEGREES  F.,  WHEN   THE   OIL  IS  AT  TEMPERATURES   RANG- 
ING BETWEEN  60  TO  225  DEGREES  F. 


Temp. 

P'actor. 

Temp. 

Factor. 

Temp. 

Temp. 

Temp. 

Factor. 

Fahr. 

Fahr. 

Fahr. 

Falir. 

60 

0.9822 

102 

1 .0009 

144 

1   0196 

186 

1 .0382 

1 

0.9827 

3 

1.0013 

5 

1 .0200 

7 

1 .0387 

2 

0.9831 

4 

1 .0018 

6 

1 .0204 

8 

1 .0391 

3 

0.9836 

5 

1 .0022 

7 

1 .0209 

9 

1    0396 

4 

0  9S40 

6 

1.0027 

8 

1 .0213 

190 

1    0400 

5 

0.9S45 

7 

1 .0031 

9 

1 .0218 

1 

1    0404 

6 

0.9849 

8 

1 .0036 

1.50 

1 .0222 

2 

1 .0409 

7 

0.9853 

9 

1   0040 

1 

1.0227 

3 

1 .0413 

8 

0.9858 

110 

1.0045 

2 

1   0231 

4 

1 .0418 

9 

0.9862 

1 

1.0049 

3 

1 .0236 

5 

1 .0422 

70 

0.9867 

2 

1.0053 

4 

1    0240 

6 

1    0427 

1 

0.9871 

3 

1 .0058 

5 

1    0245 

7 

1    0431 

2 

0  9876 

.     4 

1.0062 

6 

1    0249 

8 

1 .0436 

3 

0.9880 

5 

1 .0067 

7 

1 .0253 

9 

1 .0440 

4 

0.9885 

6 

1.0071 

8 

1.0258 

200 

1 .0445 

5 

0  9889 

7 

1.0076 

9 

1 .0262 

1 

1   0449 

6 

0.9894 

8 

1 .0080 

160 

1 .0267 

2 

1    0453 

7 

0.9898 

9 

1.0085 

1 

1 .0271 

3 

1   0458 

8 

0  9902 

120 

1 .0089 

2 

1.0276 

4 

1   0462 

9 

0.9907 

1 

1.0094 

3 

1 .0280 

5 

,     1    0467 

80 

0  9911 

2 

1.0098 

4 

1.0285 

6 

1 .0471 

1 

0  9916 

3 

1 .0102 

5 

1 .0289 

7 

1 .0476 

2 

0.9920 

4 

1 .0107 

6 

1.0294 

8 

1 .0480 

3 

0  9925 

5 

1.0111 

7 

1.0298 

9 

1 .0485 

4 

0.9929 

6 

1 .0116 

8 

1.0302 

210 

1 .0489 

5 

0.9934 

7 

1.0120 

9 

1 .0307 

1 

1 .0494 

6 

0  9938 

8 

1.0125 

170 

1 .0311 

2 

1.0498 

7 

0.9943 

9 

1  .0129 

1 

1.0316 

3 

1  .0502" 

8 

0.9947 

130 

1.0134 

2 

1 .0320 

4 

1 .0507 

9 

0  9951 

1 

1.0138 

3 

1 .0325 

5 

1.0511 

90 

0  9956 

2 

1 .0143 

4 

1 .0329 

6 

1   0516 

1 

0  9960 

3 

1.0147 

5 

1 .0334 

7 

1    0520 

2 

0.9965 

4 

1 .0151 

6 

1   0338 

8 

1.0525 

3 

0  9969 

5 

1.0156 

7 

1.0343 

9 

1.0529 

4 

0.9974 

6 

1.0160 

8 

1    0347 

220 

1 . 0533 

5 

0.9978 

7 

1.0165 

9 

1.0351 

1 

1 .0538 

6 

0.9983 

8 

1  .0169 

180 

1    0355 

2 

1.0542 

7 

0  9987 

9 

1  .0174 

1 

1 .0360 

3 

.   1.0547 

8 

0.9992 

140 

1.0178 

2 

1 .0365 

4 

1.0551 

9 

0  9996 

1 

1  .0183 

3 

1.0369 

5 

1.0556 

100 

1 .0000 

2 

1  .0187 

4 

1  .0373 

1 

1 .0004 

3 

1  .0192 

5 

1.0378 

Explanation — To  determine  the  volume  at  100  degrees  Fahrenheit,  divide  the  volume 
at  any  temperature  by  the  factor  corresponding  to  that  temperature  in  the  above  table. 

In  recommending  the  factor  of  one  per  cent.  (1%)  expansion  or 
contraction  for  every  22^  degrees  Fahrenheit,  the  Committee  recog- 
nizes that  the  extent  to  which  any  oil  will  expand  or  contract  will  vary, 
to  a  certain  extent,  with  the  composition  of  the  oil,  and  it  will  further- 
more vary  for  different  parts  of  the  thermometer  scale,  i.  e.,  the  co- 
efficient of  expansion  or  contraction  from  60  to  80  degrees  is  not 
necessarily  the  same  as  from   160  to'iSo  degrees.     While  recognizing  this 
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variation,  it  has  been  fonnd  after  an  examination  of  a  large  number  of 
oils  that  the  factor  recommended  is  sufficiently  accurate  for  all  practical 
purposes  at  this  time. 

MEASUREMENT    OF    COAL-TAR    CREOSOTE    BY    WEIGHT. 

The  measurement  of  creosote  by  volume  is  always  subject  to  more 
or  less  variation,  owing  to  errors  obtained  in  measuring  large  quantities, 
and  in  converting  volumes  as  measured  at  a  given  temperature  to  the 
standard  at  lOO  degrees  F.  It  is  suggested,  therefore,  that  wherever 
possible  oil  quantities  be  measured  by  weight.  If  desired,  the  volume 
can  then  be  determined  by  ascertaining  the  specific  gravity.  That  this 
is  perfectly  practicable  is  shown  by  one  of  the  large  oil  producers  who 
ships  all  oil  by  weight. 

(C)     ADAPTABILTY   OF    WOODS. 

The    Committee    limited    itself   in    the    work    on    the    adaptability    of 
woods  and  their  preparation  to  the  grouping  of  species  and  the  strength 
of  treated  timber.     The  discussion  is  carried  out  as  follows: 
(i)     Grouping  of  Species. 

(a)  Controlling  factors. 

(b)  Wood    structure. 

Mr.  Harry  D.  Tiemann,  of  Yale  University,  has  prepared  a  clear 
statement  of  the  elements  of  wood  structure  that  affect  this  problem, 
which  is  published  in  full  in  Appendix  C. 

(c)  Present  practice : 

A  circular  letter  was  sent  to  treating  plants,  railroad  engineers  and 
others  likely  to  have  had  experience  in  grouping  species  of  timber  for 
treatment  under  practical  conditions  (see  Appendix  D),  and  these  results 
have  been  abstracted  for  the  report.  It  will  be  apparent  that  the  net 
results  of  the  canvass  by  circular  letter  are  of  service  in  showing  the 
need  for  consideration  of  this  problem  and  in  describing  the  present 
practice. 
(2)     Strength  of  Treated  Timber. 

An  examination  of  all  available  records  of  tests  of  treated  timber, 
published  and  unpublished,  has  been  made  and  the  nature  of  the  experi- 
ments and  the  conclusions  abstracted.  The  abstract  of  the  data  will  be 
published  in  a  later  Bulletin.  In  addition  the  Committee  has  arranged' 
a  series  of  tests  which  are  being  carried  on  at  the  present  time  (Novem- 
ber 30,  1908). 
Grouping   of  Species. 

The  various  species,  and,  indeed,  any  one  species,  in  its  differing 
conditions  of  seasoning  and  habit  of  growth  take  treatment  unequally 
when  exposed  to  given  retort  conditions.  For  example,  dry  sapwood 
of  the  pines  treats  easily,  but  the  heart  is  mainly  impenetrable  to  creo- 
sote.    Some  dry  red  oak  sticks  take  creosote  in  certain  processes  clear 
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through  the  heart,  while  beech  under  the  same  conditions  is  .  very 
refractory. 

It  is  evident  tliat  if  two  woods  like  red  oak  and  hickory,  or  loblolly 
pine  and  longleaf  pine,  or  heart  loblolly  and  sap  loblolly,  are  placed  in 
the  same  charge  and  the  average  absorption  secured,  one  class  will  be 
over-treated  and  the  other  under-treated.  Interests  of  economy  and 
proper  preservation  demand  that  the  various  species  should  be  segre- 
gated into  different  groups.  This  grouping  would,  no  doubt,  vary  with 
the  process  used  and  geographical  locality.  The  problem  is  conditioned 
by  the  possibility  of  separating  the  various  species  into  proper  groups 
under  the  conditions  of  a  large  commercial  treating  plant.  Certain 
railroads,  however,  that  receive  many  species  of  hardwoods  for  ties 
have   specified  the  grouping. 

It  might  seem  at  first  that  a  suitable  grouping  could  be  predicated 
upon  the  known  structural  characteristics  of  the  various  species.  The 
arrangement  and  means  of  communication  between  wood  cells,  the  con- 
tents of  these  cells,  the  size  and  arrangement  of  pores  and  ducts  are 
known  and  some  of  the  laws  of  molecular  physics  controlling  the  move- 
ment of  solutions  are  understood.  The  present  known  facts  are,  in 
the  main,  merely  suggestive  and  not  explanatory.  However,  the  prosecu- 
tion of  inquiry  of  the  science  of  preservation  cannot  but  be  aided  by  the 
kind  of  fundamental  knowledge  presented  by  Mr.  Tiemann  in  Appen- 
dix C. 

The  various  factors  that  enter  into  the  problem  may  be  listed  as 
follows : 

(a)  Condition   of  timber  with    respect   to  seasoning. 

(b)  Proportion  of  heartwood  or  of  sapwood. 

(c)  Characteristic  micro-structure. 

(d)  Per  cent,  of  summer   wood   and   spring  wood   and   position   in 

trunk,  if  readily  distinguishable. 

(e)  Geographical   location  of  species,  elevation,  soil  and  other  site 

conditions  as  affecting   (a),    (b)    and    (c),   if  ascertained. 

(f)  Mutual  interaction  between  the  various  species  when  treated  in 

the  same  cylinder. 

It  might  seem  that  the  experience  of  treating  plants  would  furnish 
satisfactory  empirical  rules  for  grouping  applicable  to  the  treating  process 
used.  However,  most  plants  have  treated  but  few  species  and  there 
seems  to  have  been  but  little  detailed  and  careful  examination  of  the 
actual  results  of  the  cylinder  process  upon  individual  sticks.  Conflict- 
ing reports  are  made  as  to  the  ease  of  treatment  of  a  given  species,  as, 
for  instance,  ash  and  white  pine.  These  are  due  in  part  to  a  confusion 
of  species,  or  a  difference  of  species  grown  under  different  site  con- 
ditions or  latitude.  Some  contradictions  may  be  explained  as  mere 
opinion  or  prejudice   unsupported   by   direct   facts. 

Some    works    arc    experimenting    to    determine    the    proper    grouping 
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and  the  best  conditions  of  treatment  for  each  group,  but  the  experi- 
ments are  not  yet  sufficiently  advanced  for  use. 

The  main  results  of  the  letter  of  inquiry  given  in  Appendix  D  and 
the  remarks  are  published,  not  because  they  serve  to  settle  the  inquiry, 
but  because  they  are  suggestive  and  exhibit  the  need  for  this  study. 

It  appears  in  general  that : 

(i)  In  practice  the  Southern  pines  are  separated  on  the  basis  of 
amount  of  sapwood. 

(2)  That  green  and  seasoned  timbers  are  treated  separately. 

(3)  That  Douglas  fir  requires  separate  and  special  treatment. 

(4)  That  there  is  no  well-authorized  grouping  of  the  various  hard- 

woods, and  that  this  should  be  a  matter  of  further  study. 
Strength   of    Treated    Timber. 

As  stated,  the  Committee  has  in  progress  a  series  of  tests  of  treated 
timber  which  are  not  yet  (November  30,  1908)  complete,  and  the  work 
presented  at  this  time  is  a  compilalion  of  available  reports  on  strength 
of  treated  timber. 

(i)  Tests  on  creosoted  and  untreated _  Douglas  fir  beams  made  by 
the  Southern  Pacific  Creosoting  Company  at  Sacramento,  Cal.,  July, 
1895,  and  May,  1906.  Reported  by  William  Hood,  Chief  Engineer. 
Report  on  results  not  in  printed  form ;  94  sticks  ranging  in  span  from 
2  ft.  to  7  ft.  and  in  depth  from  2  in.  to  16  in. 

(2)  Tests  of  creosoted,  burnettized  and  untreated  Douglas  fir 
beams  made  at  the  University  of  California  in  April,  1898.  Reported 
to  the  Committee  by  Prof.  L.  E.  Hunt;  not  published  completely.  Tests 
include  flexure,  tension,  compression  parallel  to  the  grain,  compression 
perpendicular  to  the  grain,  and  shear.  There  were  42  sticks  tested. 
Beams  varied  from  i^i  in.  to  10  in.  in  depth  and  were  tested  on  a 
loo-in.  span.  Care  was  taken  to  secure  proper  control  tests  on  treated 
material.     Necessary  data  recorded. 

(3)  Circular  39,  Forest  Service,  "Experiments  on  the  Strength  of 
Treated  Timber,"  W.  K.  Hatt,  May,  1906.  There  were  6,272  tests, 
mainly  on  loblolly  pine  treated  by  the  zinc-chloride  and  creosote  proc- 
esses at  an  experimental  treating  plant  in  .connection  with  the  St.  Louis 
Exposition.  The  report  includes  description  of  the  material  and  facts 
relating  to  the  treatment  of  tests. 

(4)  Bulletin  No.  18,  University  of  Illinois  Engineering  Experiment 
Station,  R.  I.  Webber,  "Holding  Power  of  Railroad  Spikes."  June,  1906. 
Spikes  of  various  forms  were  driven  into  44  ties  representing  12  species. 
Ties  taken  from  stock  pile.     History  of  ties  and  other  data  not  recorded. 

(5)  Circular  46,  Forest  Service,  "Holding  Force  of  Railroad 
Spikes  in  Wooden  Ties,"  W.  K.  Hatt,  December,  1906.  Study  of  the 
relative  holding  power  of  common  and  screw  spikes  in  direct  pull  in 
loblolly  pine  ties   seasoned,   soaked  and   steamed. 

(6)  Tests  made  by  C.  F.  Loweth,  of  the  C,  M.  &  St.  P.  Rail- 
way,   in    1904.    Not    published.    Fifty-six   beams   of    natural    and    creo- 
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soted  SoutliLTii  pine;  size  ranging  in  depth  from  3  to  10  in.  and  tested 
on  spans  2  ft.  to  13  ft.  6  in.  Full  hislory  of  treatment  of  material  not 
recorded. 

(7)  Thesis  by  F.  E.  Osborne,  School  of  Civil  Engineering,  Purdue 
University,  1901.  "Effect  of  Preservatives  on  the  Strength  of  Treated 
Timber;"  17  beams  of  natural  and  creosoted  Wisconsin  white  pine  were 
tested  and  accompanying  tests  made  in  compression  parallel  to  the  grain, 
compression  perpendicular  to  the  grain,  and  shear.  Dimensions  of  speci- 
mens 4x4  in.,  tested  on  a  6-ft.  span.     Records  of  treatment  available. 

(8)  Tests  of  creosoted  Southern  pine  bridge  stringers  by  the  Forest 
Service  at  Purdue  University,  1908.  Results  not  published.  Twenty 
Southern  pine  bridge  stringers,  8x16  in.,  were  cut  in  Southern  Missis- 
sippi and  treated  5  months  after  cutting  at  Grenada,  Miss.,  by  the 
straight  creosoting  process.  The  material  included  both  longleaf  and 
shortleaf.  Tests  were  made  3  months  after  treatment  in  flexure,  cross- 
compression,  washer  bearing,  with  accompanying  minor  tests.  The  full 
data  of  original  treatment  and  tests  of  material  are  available. 

(9)  The  tests  of  Douglas  fir  bridge  stringers  treated  by  the  boiling 
process  at  Seattle,  tested  by  Forest  Service  at  University  of  Washington, 
Seattle.  Results  not  published.  Eighteen  Douglas  fir  stringers  were 
treated  and  tested  as  described  in  the  case  of  the  Southern  pine  at 
Purdue  University. 

(10)  Tests  on  creosoted  tics  by  Prof.  A.  N.  Talbot,  of  the  Uni- 
versity of  Illinois.     No  description  has  been  obtained. 

Experiments  are  under  way  at  Purdue  University  for  the  Committee 
on  Wood  Preservation  to  determine  the  comparative  resistance  of  rail- 
way ties,  natural  and  treated,  to  the  action  of  the  rail.  These  include 
red  oak  ties  treated  by  the  Lowry  process  and  also  by  the  zinc-chloride 
process.  A  further  series  of  tests  is  arranged  for  on  bridge  stringers 
treated  by  the  Lowry  process. 

(D)     TREATING   PROCESSES. 

The  Committee  in  its  investigations  of  particular  processes  and 
methods  concluded  that  it  could  not  at  this  time  make  definite  reports 
on  the  proper  execution  of  various  forms  of  timber  treatment.  It  is 
particularly  desired  at  this  time  to  make  no  changes  in  the  specifications 
for  treatment  as  given  in  the  Manual.  Further  developments  which  are 
now  in  hand  will  result  in  a  future  report  of  treating  specifications. 

It    was    concluded    to    present   general    matter    bringing    out    general 
principles  observed  in  the  application  of  wood  preservatives.     The  discus- 
sion may  be  subdivided  as  follows : 
Method  of  Application. 

(i)     Pressure  process. 

(a)  Full  cell. 

(b)  Empty  or  partly   filled   cell. 
(2)     Open  t^nk  process. 
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GENERAL    PRINCIPLES    TO   BE   OBSERVED    IN    APPLYING    PRESERVATIVES. 

Certain  essentials  must  be  observed  to  make  the  application  of 
preservatives  successful.  First:  The  timber  must  be  seasoned.  It  must 
be  known  to  be  of  such  character  that  it  can  be  treated  in  the  manner 
prescribed.  Second :  The  element  of  heat  is  vital.  Temperatures  of  the 
process  must  not  be  such  as  to  be  injurious  to  the  wood.  They  must 
also  be  such  that  no  change  or  injury  will  occur  to  the  preservative 
itself.  It  is  vital,  however,  that  the  temperature  of  treating  be  as  high 
as  possible,  because  this  will  either  increase  the  fluidity  of  the  preserva- 
tive or  tend  to  open  the  wood  cells,  or  both.  The  maximum  limiting 
temperature,  however,  is  about  225  degrees  F.  It  is  essential  in  order 
to  produce  economical  results  in  the  cost  of  treatment  that  tanks,  retorts 
or  reservoirs,  or  whatever  vessel  in  which  the  timber  is  treated,  be 
provided  with  sufficient  means  of  heating,  so  that  the  heating  may  be 
done  quickly  and  may  be  easily  and  surely  controlled.  Third :  In  order 
that  there  may  be  minimum  cost  of  application  it  is  necessary  to  have 
proper  velocity  of  treatment.  This  involves  the  entire  design  of  the  appa- 
ratus for  the  application.  It  must  be  possible  to  perform  every  step 
quickly  and  accurately,  but  at  the  same  time  thoroughly.  Fourth :  It 
must  be  possible  to  apply  the  preservatives  uniformly  to  all  pieces  of 
timber  in  any  one  charge;  that  is,  each  particular  piece  must  have  its 
full  quota ;  this,  too,  means  that  the  timber  in  any  one  charge  must  be 
alike  in  character  so  far  as  its  ability  to  absorb  is  concerned. 

THE  PRESSURE  PROCESS. 

The  essentials  of  the  apparatus  of  the  process  are,  of  course,  the 
sealed  retort  and  the  pressure  pump.  The  particular  things  which  govern 
the  apparatus   are : 

1.  The  character  of  the  timber  to  be  treated. 

2.  The    character    and    amount   of    the    preservatives    used    and    the 

desired  methods   of  application. 

3.  The  desired  capacity  per  day  or  per  hour. 

The  pressure  which  must  be  maintained  and  the  pressure  which  is 
the  economical  one  depends  on  all  the  four  essentials  enumerated  under 
the  head  of  "general  principles  to  be  observed  in  applying  preservatives." 
For  refractory  woods  and  heavy  preservatives,  as  creosote,  it  must  be 
possible  to  produce  a  pressure  of  175  lbs.  per  square  inch  to  obtain  eco- 
nomic velocity  of  treatment.  For  light  wood  a  pressure  of  75  lbs.  per 
square  inch  may  be  ample.  These  pressures,  175  lbs.  per  square  inch 
and  75  lbs.  per  square  inch,  are  in  general  the  upper  and  lower  limits 
used.  If  the  timber  to  be  treated  is  limited  entirely  to  refractory 
woods  as  the  red  oaks,  it  must  be  possible  to  obtain  the  pressure  of  175 
lbs.  per  square  inch.  When  only  light  woods,  as  sap  pine,  are  used, 
a  pressure  of  75  lbs.  per  square  inch  may  suffice,  as  stated. 

The  more  fluid  a  preservative  the  more  easily  it  can  be  injected 
and  the  lower  will  be  the  desirable  pressures.     High  fluidity  is  valuable. 
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The  higher  the  amount  of  preservative  to  be  used  per  unit  of  limber, 
the  greater  will  be  the  necessary  pressure. 

The  desired  capacity  determines  volumes  and  size  of  apparatus.  A 
plant  which  will  serve  general  requirements  of  the  larger  railroads  will 
have  a  capacity  of  about  i,ooo  cubic  feet  of  timber  per  hour.  A  plant 
of  this   capacity   is   one  of  moderately   large   capacity. 

In  the  specifications  for  treatment  adopted  by  the  Association  it  is 
proposed  to  steam  the  ties  unless  they  are  thoroughly  air  seasoned,  in 
which  case  it  may  be  omitted,  at  the  option  of  the  purchaser.  It  is  to 
be  emphasized,  however,  that  this  scheme  should  at  all  times  be  omitted 
when  the  ties  are  thoroughly  air  seasoned  and  are  to  be  treated  with 
oils. 

In  applying  preservatives  to  timber  the  particular  result  looked  for 
is  cheapness  of  application,  and  this  application  shall  be  such  as  to 
produce  the  full  value  of  the  preservative.  There  are  in  general  two 
classes  of  preservatives  used  in  the  pressure  process — oils  and  salts.  In 
general  the  oils  are  injected  as  a  whole,  the  salts  being  injected  in  solu- 
tion. Economic  treatment  requires  that  with  a  given  amount  of  pre- 
servatives in  any  particular  piece  there  shall  be  a  uniform  distribution 
or  a  uniform  depth  of  penetration  from  the  surface.  The  extreme  limit 
is  complete  saturation.  With  oils  it  has  been  impossible  to  obtain 
complete  saturation  in  certain  woods.  In  general,  salts  in  solution  may 
be  distributed  throughout  any  piece  of  timber  with  proper  pressure  and 
time.  By  means  of  moderate  pressure,  not  exceeding  lOO  lbs.  per  sq. 
in.,  and  in  a  period  of  time  not  exceeding  one  hour,  light  woods,  such 
as  dry  sap  pine,  may  be  completely  saturated.  These  woods  absorb  a 
practicable  maximum  of  oil  or  solution.  In  laboratory  experiments 
the  maximum  that  can  be  applied  is  about  30  to  35  lbs.  per  cubic  foot 
of  timber.  From  this  maximum  there  may  be  all  ranges  downward. 
There  is  another  maximum  of  absorption  for  oils,  creosote  particularly, 
for  the  woods  which  cannot  be  saturated.  Pressure  is  maintained  until 
there  is  a  complete  refusal.  This  refusal  takes  place  in  certain  species  of 
oak  when  the  penetration  has  proceeded  a  certain  distance  into  the  piece, 
ranging  from  i  in.  to  il!^  in.  in  the  center  of  the  piece.  In  other  tim- 
bers refusal  takes  place  at  the  heart  wood.  The  maximum  absorption 
for  these  classes  of  timber  ranges  from  10  to  12  lbs.  per  cubic  foot  of 
timber.  From  this  maximum,  as  in  the  case  of  the  light  woods,  there 
are  all  ranges  downward. 

In  the  above  the  simplest  pressure  process  is  taken  up.  The  wood 
cells  which  received  preservatives  are  practically  full  of  the  fluid.  This 
method  of  application  may  be  named  the  full  cell  process.  In  order  to 
reduce  the  amount  of  preservative  used  and  still  obtain  ma.ximum  pene- 
tration, it  is  possible  to  remove  from  the  timber  a  portion  of  the  oil 
injected.  The  removal  is  part  of  the  process  of  application.  This 
method  is  applicable  only  when  expensive  preservatives,  as  creosote  oil, 
are  used.     This  process  leaves  the  wood  cells  empty  or  partly  so,   and 
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in  substance  the  walls  of  the  cells  are  simply  coated.  The  process  may 
be  called  the  empty,  or  partially  filled  cell  process. 

The  maximum  efficiency  of  the  empty  or  partially  filled  cell  process 
is  obtained  as  in  the  case  of  the  full  cell  process  in  light  woods,  sap 
pine,  for  example.  As  a  ma.ximum  condition  a  piece  of  sap  pine  may 
be  saturated  and  all  the  oil,  except  five  or  six  pounds  per  cubic  foot, 
removed.  As  stated  before,  the  process  of  removal  of  oil  is  essentially 
a  part  of  the  process  of  application.  The  oil  is  removed  immediately 
after  saturation,  which  may  be  stopped  at  any  particular  point.  In  its 
simplest  form  the  method  consists  in  applying  a  vacuum  of  about  20  to 
22  in.  after  the  surplus  oil  has  been  removed  from  the  sealed  vessel  or 
retort  in  which  the  oil  was  first  applied  under  pressure.  The  vacuum 
is  maintained  until  the  proper  bleeding  or  removal  of  oil  has  taken  place. 

It  is  to  be  emphasized  that  in  the  pressure  process  it  is  vital  that 
the  sealed  vessel  or  retort  must  be  provided  with  accurate  measuring 
devices  both  for  measuring  volumes  and  temperatures.  It  must  be  pos- 
sible to  determine  closely  the  actions  within  the  retort. 

OPEN    TANK    PROCESS. 

The  open  tank  process  is  the  simplest  form  for  applying  a  preserva- 
tive. As  its  name  indicates,  it  consists  in  dipping  the  wood  in  open 
tanks  or  vessels  filled  with  the  preservative  to  be  used.  It  neces- 
sarily follows  that  this  is  an  absorption,  rather  than  an  injection,  of  the 
preserving  fluid.  It  also  follows  that  the  depth  of  penetration  obtained  is 
small,  except  for  particularly  open  or  porous  woods,  such  as  sap  pine, 
where  a  penetration  of  I'/i  in.  has  been  obtained. 

CONCLUSION   AND    RECOMMENDATIONS    FOR    FUTURE 

WORK. 

The  necessity  for  accurate  records  of  results  in  American  practice 
is  urgent  in  order  to  furnish  sound  facts  on  which  to  base  conclusions. 
It  is  found  that  the  value  of  many  experiments  in  the  use  of  preserved 
timber  has  not  been  productive  of  knowledge  to  any  proper  extent, 
because  of  improper  records.  The  Committee  should  go  into  this  mat- 
ter thoroughly  and  report  on  it  next  year.  It  should  continue  the  gath- 
ering of  statistics,  co-operating  with  the  Tie  Committee  and  other  com- 
mittees in  the  gathering  of  statistics.  This  co-operation  is  necessary  to 
avoid  duplications.  The  Forest  Service  of  the  Government  is  doing 
considerable  work  on  wood  preservation  and  the  Committee  should  make 
free  use  of  this  source  of  information.  Statistics  to  be  gathered  in 
the  future  should  be  added  on  the  report  given  in  Table  I,  enlarging 
and  extending  it. 

It  has  been  found  that  coal-tar  creosote  and  chloride  of  zinc  will 
preserve  timber  when  used  under  the  proper  conditions  and  when  the 
proper  quantity  and  quality  of  preservatives  are  used.  The  determination 
of    the    conditions    should    constitute    a    part    of    the    Committee's    work 
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together  with  work  on  other  preservatives.  Crude  petroleum  is  at 
present  being  used  to  such  an  extent  that  work  in  this  direction  is 
warranted. 

The  necessity  of  work  upon  an  improved  rail  fastening  in  connec- 
tion with  the  use  of  treated  ties  is  so  urgent  that  the  work  should  be 
assigned  to  either  this  Committee  or  some  other  proper  committee  for 
definite  report.  It  is  evident  from  present  results  that  economic  life  of 
treated  ties  cannot  be  obtained  without  an  improved  rail  fastening. 

The  Committee  did  not  deem  it  necessary  at  this  time  to  report  in 
detail  on  destroying  agents  of  wood.  However,  a  report  in  this  direc- 
tion will  at  some  time  be  necessary,  particularly  because  by  this  means 
the  action  of  preservatives  themselves  will  be  made  clear. 

The  Committee  should  continue  work  in  the  determination  of  proper 
grouping  of  timber,  working  toward  the  end  that  some  proper  grouping 
may  be  determined  upon.  The  preparation  of  the  timber  for  treatment — 
seasoning,  in  other  words — needs  consideration.  Some  very  serious 
questions  in  the  deterioration .  of  timber  while  undergoing  seasoning 
now  confront  railroads  which  have  adopted  tie  treatment.  The  proper 
handling  of  ties  and  timber  prior  to  the  injection  of  preservatives  should 
have  immediate  attention.  There  is  found  to  be  no  sound  knowledge 
as  yet  on  the  effect  of  treatments  on  the  strength  of  timber.  As  stated, 
the  Committee  has  experiments  under  way  which  will  be  of  value  in 
determining  this  question.  These  experiments  should  without  question 
be  continued  and  if  possible  enlarged. 

The  Committee  should  next  year  report  definitely  on  specifications 
for  treatment  by  processes  now  in  common  use,  making  such  changes 
as  may  be  necessary,  if  any,  in  the  specifications  now  published  in  the 
Manual. 

To  state  the  conclusions  of  this  report  in  definite  form  they  would 
be  as  follows : 

(i)  Coal-tar  creosote  and  zinc  chloride  are  efficient  preservatives 
wlicn    properly    applied    and    when    used    under    proper    conditions. 

(2)  It  is  necessary  to  keep  better  records  than  have  been  kept 
so  far  in  order  to  form  proper  conclusions  as  to  the  merit  of  differ- 
ent methods  and  processes. 

(3)  Preserved  wood  may  be  destroyed  by  mechanical  action  long 
liefore  it  is   decayed. 

(4)  The  specification  as  given  fdr  coal-tar  creosote  is  good  prac- 
tice and   should   be  adopted. 

(5)  There  should  be  a  standard  temperature  at  which  coal-tar 
creosote  is  measured.  The  standard  of  100  degrees  Fahrenheit,  as 
given    in   the   report,   is    recommended. 

(6)  It  is  essential  that  timber  should  be  properly  grouped  in  or- 
der that  a  successful  treatment  may  be  obtained.  The  species,  pro- 
portion    of    heartwood     and     sapwood,     condition     of     the     timber     with 
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respect   to    its   moisture    content,    and    the    wood    structure,    will    in    gen- 
eral determine  this  grouping. 

(7)     It    is    desirable    to    air-season    timber    in    order    to    prepare    it 

for     treatment.       Most     woods     can     be     best     treated     after     being    air- 
seasoned. 

Respectfully  submitted, 
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Appendix  A. 

EXPERIENCE    ON    THE    LOUISVILLE    &    NASHVILLE    RAIL- 
ROAD   WITH    CREOSOTED    PILES    AND    TIMBER. 

Abstract  from  Letter  from  W.  II.  Courtenay,  Chief  Engineer, 

In  reply  to  the  Committee's  circular  asking  for  information  as  to 
what  year  our  road  had  experience  in  treating  wood,  the  writer  would 
say  that  creosoted  wood  has  been  in  use  on  the  Louisville  &  Nashville 
Railroad  Company's  lines  since  1876.  Creosoted  timber  was  extensively 
used  on  the  New  Orleans,  Mobile  &  Texas  Railroad,  extending  from 
Mobile,  Alabama,  to  New  Orleans,  Louisiana,  many  important  structures 
having  been  built  of  creosoted  timber  from  1876  to  1879.  The  Louisville 
&  Nashville  Railroad  Company  acquired  control  of  the  road  from  Mobile 
to  New  Orleans  in  1880.  In  1882  large  quantities  of  creosoted  piles, 
stringers  and  caps  were  used  in  the  construction  of  trestles  and  docks 
on  the  Louisville  &  Nashville  lines  in  the  city  of  Pensacola,  Florida, 
and  vicinity.  The  earlier  use  of  creosoted  piles  was  more  particularly 
for  the  purpose  of  protecting  them  from  attack  of  the  sea  worm,  or 
teredo  navalis.  However,  in  more  recent  years  large  quantities  of  creo- 
soted piles  and  sawed  timber  have  been  used  on  the  Louisville  &  Nash- 
ville lines  where  not  subject  to  attack  from  the  sea  worm,  and  have 
been  used  merely  for  economical  reasons. 

As  to  the  second  question,  "what  process  or  processes  have  been 
tested,"  the  only  process  used  on  the  Louisville  &  Nashville  Railroad 
has  been  the  creosoting  process.  For  a  time  experiments  were  made 
with  a  combination  of  creosote  oil  and  resin  for  treating  piles.  This 
combination  was  not  considered  satisfactory  and  the  process  was  aban- 
doned. 

In  reply  to  the  third  question,  whether  piles,  timber,  ties,  etc.,  were 
treated,  the  Louisville  &  Nashville  Railroad  Company  now  has  on  its 
lines  about  19,000  creosoted  piles  in  trestles.  It  has  about  30,000  creo- 
soted piles  in  its  docks  and  wharves.  In  addition  thereto  a  consider- 
able number  of  creosoted  piles  have  been  used  for  foundations  for  impor- 
tant buildings,  and,  in  some  instances,  for  foundations  for  bridge 
masonry  where  the  piles  would,  at  times,  be  dry.  The  same  company 
has  now  about  13,000  linear  feet  of  pile  trestle,  the  deck  of  which  is 
constructed  of  creosoted  timber.  The  track  on  these  trestles  is  ballasted, 
and  it  is  believed  that  a  creosoted  timber  trestle,  carrying  ballasted 
track,  is  an  economical  and  durable  structure.  Creosoted  ties  have  not 
been  used  to  any  great  extent.  However,  on  the  road  between  New 
Orleans  and  Mobile,  above  referred  to,  about   15,000  ties  were  creosoted 
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at  West  Pascagoula,  Miss.,  in  1877  and  1878,  and  placed  during  these 
years  on  various  bridge  structures  on  that  line.  No  accurate  record  has 
been  kept  of  those  ties.  About  30  per  cent,  of  them  were  washed  away 
by  a  hurricane  during  the  year  1893,  which  destroyed  large  parts  of  the 
structures  on  which  they  were  placed.  Probably  45  per  cent,  to  55  per 
cent,  were  in  'service  in  1896.  About  600  of  the  creosoted  ties  which 
were  placed  in  1877-1878  remained  in  the  track  until  June,  1905.  On 
one  trestle  400  creosoted  ties  were  placed  in  1876,  which  ties  were 
removed  in  1903. 

As  to  species  of  wood  chiefly  treated  and  approximate  quantities, 
the  only  species  of  wood  treated  are  longleaf  yellow  pine  and  loblolly 
pine ;  probably  three-fourths  of  the  total  quantity  having  been  the 
former. 

For  the  timber  treated  in  1876,  1877  and  1878,  about  16  lbs.  of  creo- 
sote oil  per  cubic  foot  of  timber  were  used.  Records  are  not  now  avail- 
able to  show,  with  any  precision,  the  number  of  pounds  of  oil  per 
cubic  foot  used  since  that  time.  However,  the  general  practice  has 
been  to  use  from  20  to  22  lbs.  of  creosote  oil  per  cubic  foot  of  timber 
for  piles  to  be  placed  in  salt  water,  exposed  to  the  teredo  navalis,  and 
about  16  to  18  lbs.  per  cubic  foot  for  piles  not  exposed  to  salt  water. 
About  12  lbs.  per  cubic  foot  is  used  for  sawed  timber  for  trestles. 

Regarding  our  estimate  of  the  resulting  life,  from  our  experience 
with  creosoted  timber  we  assume,  for  the  purpose  of  making  compara- 
tive estimates  of  cost  of  various  kinds  of  structures,  a  life  of  25  years  for 
creosoted  timber  in  ordinary  trestles.  On  the  line  between  Mobile  and 
New  Orleans  there  are  creosoted  yellow  pine  stringers  on  certain  tres- 
tles which  were  placed  there  in  the  year  1878  and  which  are  still  sound. 
These  stringers  were  protected  to  a  large  extent  from  exposure  to  the 
sun  by  a  covering  of  sand  upon  which  the  ties  were  laid.  On  the  Pen- 
sacola  and  Atlantic  Division  there  is  a  trestle  across  Escambia  Bay 
10,892  feet  in  length.  This  trestle  was  constructed  in  1882  of  creosoted 
yellow  pine  piles,  and  with  creosoted  deck  timbers.  The  deck  of  this 
trestle  was  destroyed  by  a  hurricane  in  September,  1906,  the  entire 
deck  having  been  washed  away,  carrying  with  it  the  rails  and  the  caps 
of  the  bents.  A  very  considerable  portion  of  material  from  this  deck 
was  recovered  from  a  point  about  five  miles  above  the  site  of  the 
trestle.  The  creosoted  stringers  were  nearly  invariably  found  to  be 
good,  and  nearly  all  of  the  stringers  which  were  recovered  have  been 
used   elsewhere   in   making  ordinary   trestle   repairs. 

As  to  known  failures  to  show  economical  results  and  why,  I  cannot 
say  that  I  have  known  of  failures  to  obtain  economical  results  with  tim- 
ber properly  treated.  Instances  have  come  to  my  attention  of  timber 
having  been  burned  by  the  seasoning  process.  The  experience  of  our 
people  has  been  that  where  decay  is  found  in  creosoted  timber,  it  is 
invariably  found  around  bolt  holes  which  were  bored  after  the  timber 
was  treated,  or  at  other  places  in  the  timber  where  the  creosoted  wood 
was   cut   through,   exposing   the   green    wood   beneath.      It   is    important, 
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tlierefore,  so  far  as  practicable,  to  have  all  framing  done  before  the 
timber  is  creosotcd,  and  where  necessary  to  bore  bolt  holes,  or  otherwise 
cut  crcosoted  timber,  the  bright  wood  exposed  should  be  painted  or 
otherwise    covered    with    hot    creosote    oil. 

It  is  very  important  that  thoroughly  honest  work  be  done  in  creo- 
soting  timber.  The  process  is  one  in  which  it  is  extremely  easy  to 
do  bad  work  without  the  fact  being  known  to  the  inspector  unless  he  is 
thoroughly  expert.  A  fruitful  source  of  trouble  is  an  undue  quantity  of 
water  becoming  mixed  with  the  creosote  oil  by  leaky  steam  pipes  or 
otherwise.  The  utmost  care  should  be  taken  both  to  secure  the  proper 
quality  of  oil  and  proper  treatment.  Particular  care  should  be  exercised 
to  see  that  undue  quantity  of  water  does  not  become  mixed  with  the  oil. 

Referring  rtow  to  the  value  of  the  creosoting  process  as  a  protec- 
tion against'  the  teredo  navalis,  or  limnoria.  Our  experience  with  this 
is  very  variable.  In  1887  the  writer  inspected,  as  carefully  as  could 
be  done  without  a  diver,  about  6,000  piles  driven  in  salt  water  at  Pensa- 
cola,  Fla.,  and  vicinity.  These  piles  had  been  driven  in  1882.  A  very 
heavy  percentage  of  them  had  been  attacked  by  the  teredo  navalis,  but 
only  two  were  damaged  to  such  an  extent  as  to  necessitate  their 
removal.  Similar  inspections  have  been  made  systematically  by  others 
later,  and  since  about  1890  these  inspections  have  been  made  by  divers 
as  well  as  superficial  inspections  near  the  water  line.  Nearly  the  whole 
number  of  these  piles  are  still  in  use,  although  it  has  been  found  neces- 
sary to  protect  a  considerable  quantity  of  them  by  casings  of  cement  or 
vitrified  clay  pipe.  In  1890  the  writer  had  inspections  made  of  creo- 
soted  piles  which  were  driven  in  1878  in  water  infested  with  teredo 
navalis,  piles  having  been  driven  in  water  of  depths  varying  from  10  to 
about  50  feet.  Very  careful  inspection  was  made,  and  when  the  diver 
reported  a  pile  badly  eaten  by  the  teredo  he  was  required  to  bring  to 
the  surface  a  sample  of  the  eaten  wood.  A  very  small  percentage  of 
damage  was  found.  That  pile  which  was  reported  to  have  been  most  cut 
by  the  teredo  was  pulled  out,  with  considerable  difficulty,  and  was  found 
to  have  had  less  than  one-third  of  the  cross-section  of  the  pile,  at  the 
worst  place,  destroyed.  Nearly  all  of  these  piles  are  still  in  place 
and  giving  service.  It  is  desirable,  however,  where  piles  are  driven 
in  water  infested  with  teredo  that  frequent  inspections  be  made. 
Our  experience  leads  me  to  believe  that  creosoted  timber,  not  subject  to 
action  of  seaworm,  but  for  ordinary  use,  will  last  far  longer  if  not 
exposed  to  the  action  of  the  sun  than  if  so  exposed.  The  sun  seems  to 
have  the  effect  of  drawing  the  creosote  oil  to  the  surface.  I  have 
seen  frequent  instances  where  the  ground  at  the  foot  of  a  pile  was 
covered  for  a  radius  of  a  foot  or  more  from  the  pile  with  a  coating  of 
creosote  oil.  Experience  on  the  Louisville  &  Nashville  lines  leads  me 
to  believe  that  properly  creosoted  timber,  protected  from  the  sun, 
will  be  sound  for  thirty  years  after  it  is  placed.  A  careful  examina- 
tion was  made  in  1904  of  some  3,000  piles,  which  were  driven  in  salt 
water  in   1882,  in  order  to  determine  to   what  extent  the   piles  had    de- 
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cayed  in  the  heart,  or  in  that  part  of  the  wood  not  impregnated  with 
creosote  oil,  and  not  submerged  in  water;  the  examination  was  made  by 
sounding  the  piles  under  the  caps,  and  where  any  indication  of  unsound 
wood  was  found,  borings  were  made  with  a  small  auger.  It  was  found 
that  only  about  3  per  cent,  of  the  piles  examined  showed  any  indica- 
tion of  heart  rot.  The  outer,  or  creosoted,  wood  of  these  piles  remained 
sound.  Doubtless  this  decay  was  <^ue  to  the  fact  that  the  piles  were 
of  larger  diameter  than  width  of  the  cap,  and  necessarily,  having  to  be 
cut,  they  exposed  the  portion  of  the  wood  not  impregnated  with  creo- 
soted oil;  although  these  exposed  parts  were  painted  with  hot  creosoted 
oil  and  covered  with  pitch,  it  is  probable  that  decay  was  due  to  the 
exposure  of  untreated  parts  of  the  wood. 

In  Tesponse  to  the  Committee's  request  for  such  additional  informa- 
tion as  is  obtainable  with  reference  to  average  life  of  cross-ties  on 
the  Louisville  &  Nashville  lines,  I  attach  a  statement  entitled  "Record 
of  Creosoted  Bridge  Ties  Treated  and  Placed  in  Service  in  1877-78  on 
the  New  Orleans  and  Mobile  Division  of  the  Louisville  &  Nashville  Rail- 
road," compiled  by  John  B.  Lindsey,  Superintendent  of  the  West  Pas- 
cagoula  Creosoting  Works.  The  information  given  in  this  statement 
cannot  be  accepted  as  certainly  correct,  for  a  part  of  the  information  is 
obtained  from  recollection  of  the  Bridge  Supervisors,  who  were  in  im- 
mediate charge  of  the  structure  on  the  New  Orleans  and  Mobile  Di- 
vision, and  not  taken  from  carefully   preserved   written   records. 

"About  15,000  ties  were  creosoted  for  the  Louisville  &  Nashville 
Railroad  at  West  Pascagoula  in  1877-78,  and  placed  during  those  years 
in  various  bridges  on  the  New  Orleans  and  Mobile  Division.  Unfortu- 
nately no  record  has  been  kept  of  these  treated  ties.  About  30  per  cent, 
were  washed  away  by  the  storm  of  1893,  but  probably  45  to  55  per 
cent,  were   in  service   in   1896,  giving  a  life   service  of   19  years. 

"Although  this  data  is  entirely  insufficient  for  definite  conclusions, 
it  seems  probable  that  this  lot  of  creosoted  bridge  ties  would  have 
given  an  average  life  service  of  at  least  twenty  years,  leaving  storm 
losses  out  of  consideration. 

"The  record  of  1893  creosoted  bridge  ties  on  Bridge  No.  18  in 
Biloxi  Bay  is  a  remarkable  one,  over  28  per  cent,  of  the  ties  originally 
placed  on  the  bridge  giving  a  life  service  of  over  27  years.  Many  of 
these  creosoted  ties  have  been  turned  on  side  and  used.  No  tie  plates 
were  used  on  these  ties,  and  the  failure  of  ties  was  generally  due  to  rail 
cutting  and  spike  holes,  and  not  to  decay  of  the  wood." 

In  1887,  in  passing  over  some  of  the  structures  mentioned  in  the 
foregoing  statement,  the  writer  made  an  examination  of  cross-ties  and 
other  creosoted  timber,  and  attention  was'  called  to  the  fact  that  the 
fiber  of  splinters  torn  off  from  a  number  of  the  cross-ties  seemed  to  be 
dead.  These  splinters  could  be  crushed  in  the  hand  without  danger  of 
injury  to  the  hand.  It  developed  that  the  cross-ties  used  had  been 
accumulated  long  in  advance  of  the  time  they  were  creosoted ;  had  been 
lying   on    the    ground,    and    many    of    them    had    rotted    to    considerable 
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extent  before  they  were  creosoted.  A  number  of  the  ties  checked  badly 
in  the  sun.  It  was  the  custom  about  twenty  years  ago  to  fill  these 
checks  with  hot  pitch,  and  then  cover  the  pitch  with  lime  so  as  to 
harden  it.  Considerable  trouble  was  experienced  by  trains  igniting  the 
pitch  when  passing  over  the  structures,  so,  later,  the  expedient  of  filling 
the  space  between  ties  with  plank  :,m\  then  covering  the  ties  and  plank 
with  sand,  and  later  with  blast  furnace  slag,  was  adopted,  mainly  as  a 
preventive  measure  against  fire.  The  writer  has  now  in  his  office  a 
sample  of  the  worst  decayed  creosoted  stringer  which  could  be  found 
in  Bay  St.  Louis  trestle  during  an  extensive  inspection  and  overhauling 
of  this  structure  during  the  present  calendar  year.  The  top  of  this 
stringer  is  badly  decayed,  but  it  still  has  a  great  deal  of  sound  wood. 
We  have  another  sample  which  our  Bridge  Supervisor  sent  us  to  repre- 
sent the  average  condition  of  all  the  creosoted  stringers  in  this  struc- 
ture.    These  stringers  were  placed  thirty  years  ago. 


Appendix  B. 

PRECAUTIONS   TO    BE   OBSERVED    IN    BURNETTIZING   TIES. 

Suggested  by  Octave   Chanutb. 

(i)  Wood  should  be  well  seasoned.  The  best  check  on  this  is 
the  weight  per  cubic  foot  previously  ascertained  for  a  particular  species 
of  wood  which  takes  the  treatment  well.  Some  resinous  woods,  such 
as  Oregon  fir,  may  best  be  treated  when  the  sap  is  yet  liquid. 

(2)  Different  species  of  wood  or  woods  taking  treatment  in  dif- 
ferent degrees  should  not  be  mixed  in  the  same  charge.  Otherwise 
irregular  injection  will  result. 

(3)  If  the  ties  arc  sawed,  lath  or  iron  strap  should  be  put  between 
the  layers   to   give   the  solution   easy   access. 

(4)  When  the  wood  is  thoroughly  seasoned  steaming  may  be  dis- 
pensed with  and  better   results  obtained. 

(s)  Steaming,  when  necessary,  should  never  exceed  20  pounds  to 
the  square  inch  pressure,  to  avoid  injuring  the  fiber.  It  should  be 
continued  from  one  to  three  hours,  as  dictated  by  the  state  of  season- 
ing and  experience. 

(6)  Vacuum,  when  applied  prior  to  injection  of  preservative, 
should  be  20  to  26  inches  for  i  to  2  hours.  It  is  desirable  to  measure 
the  amount  of  sap  extracted. 

(7)  The  pressure  on  the  solution,  previously  heated  to  150°  Fahren- 
heit, may  be  varied  with  the  species  of  wood  and  continue  from  i  to 
3  hours  as  found  best.     It  should  not  exceed  200  lbs.  per  sq.  in. 

(8)  The  strength  of  the  solution,  made  from  chemicals  previously 
tested  for  purity,  should  be  such  as  to  inject  an  average  of  one-half 
pound  of  dry  chloride  of  zinc  to  the  cubic  foot.  The  strength  of  the 
solution  should  be  tested  for  each  run. 

(9)  The  amount  of  solution  absorbed  is  preferably  ascertained  by 
weighing  each  buggy  load,  both  before  and   after  treatment. 

(10)  Treated  ties  should  dry  in  close  piles,  in  ordinary  weather, 
for  20  to  30  days  before  being  put   in  track,  to  insure  the  best  results. 

(11)  Daily  statements  should  be  made  of  each  run  and  be  sub- 
mitted to  the  proper  authorities. 

(12)  Accurate  records  should  be  kept  of  the  life  of  the  ties  in 
the  track  for  at  least  ten  years.  For  this  purpose  dating  nails  should 
be  used,  and  their  shape  may  be  varied  to  distinguish  special  modes  of 
treatment, .  etc.  It  is  possible  to  obtain  a  result  of  the  life  of  the  ties 
by  placing  them   in   an  experimental  section  of  track. 
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THE   MICROSCOPICAL   STRUCTURE   AND    PHYSICAL   CONDI- 
TION   OF    WOOD    AS    AFFECTS    PENETRATION 
BY  PRESERVATIVES. 


BY  HARRY  D.  TiEMANN,  Yale  Forcst  Scliool. 


In  the  following  paper  the  aim  will  be  to  point  out  certain  pecu- 
liarities in  the  microscopical  structure  of  wood,  with  reference  to  their 
probable  influence  in  regard  to  penetrability  by  fluids.  Much  study  and 
laboratory  experimentation  is  necessary  before  any  definite  predictions 
can  be  made  as  to  the  behavior  of  any  particular  species  in  the  treating 
retort,  and  just  what  physical  laws  come  into  play;  but  if  this  brief 
exposition  of  facts  will  help  to  establish  the  value  of  a  thorough  sci- 
entific study  of  the  subject  of  the  treatment  of  wood  from  the  anatom- 
ical and  physiological  standpoint,  a  definite  object  will  be  accomplished. 
Wood,  as  is  well  known,  is  an  exceedingly  complex  structure,  both 
physically  and  chemically.  Almost  the  entire  substance  is  of  organic 
nature,  and  cannot  be  produced  artificially.  Before  discussing  the  wood- 
substance,  however,  it  will  be  best  to  examine  its  physical  structure- 
Imagine  a  honeycomb,  greatly  extended  in  the  longitudinal  direc- 
tion of  its  little  tubular  cavities  or  cells  by  the  addition  of  successive 
cells  one  above  the  other,  but  each  cell  completely  closed  by  its  own 
waxy  wall,  which  is  fused  to  the  wall  of  the  neighboring  cells.  The 
idea  will  be  of  assistance  in  a  comprehension  of  the  descriptions  which 
follow,  but  must  not  be  taken  as  an  accurate  model  of  a  piece  of  wood. 
Wood  is  composed  of  series  of  closed  "cells"  arranged  as  in  the 
honeycomb,  but  instead  of  being  approximately  all  of  the  same  size,  their 
sizes  and  shapes  vary  greatly,  sometimes  in  the  same  piece. 

There  are  also  in  all -woods,  besides  the  vertical  columns  of  cells, 
horizontal  rows  occurring  at  short  intervals  between  the  vertical  col- 
umns and  closely  fitted  in  between  them.  These  horizontal  rows  are 
in  narrow  vertical  plates  from  a  few  thousandths  of  an  inch  to  an 
inch  or  more  in  height,  arranged  radially  in  the  trunk  of  the  tree,  and 
generally  continuing  for  considerable  distance,  often  the  entire  distance 
from  the  bark  to  the  center. 

The  vertical  columns  are  arranged  more  or  less  in  concentric  rings 
about  the  center  of  the  tree.  Each  year  a  series  of  these  rings  is  formed 
between  the  bark  and  the  wood  of  the  last  year;  the  first  rings  are  of 
very    thin-walled    cells,    but    in    each    successive    ring    the    walls    become 
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thicker    and    thicker,    until   at   the    end    of    the    season    only    very   heavy 
thick-walled  cells   are   formed. 

The  spaces  within  the  cells,  called  the  lumena,  in  consequence 
become  smaller  and  smaller  as  the  walls  grow  thicker,  until  sometimes 
they  nearly  disappear. 

The  next  spring,  when  growth  begins,  a  layer  of  thin-walled  cells 
is  laid  on  directly  next  to  the  last  row  of  heavy  walled  cells.  This 
abrupt  change  is  clearly  visible  to  the  naked  eye  and  marks  the  limits 
of  the  "annual  rings."  These  annual  rings  are  what  give  the  appear- 
ance of  "grain"  to  the  wood,  and  the  horizontal  rows  of  cells  or 
"medullary"  rays,  as  they  are  called,  are  commonly  seen  as  the  "silver 
grain"  in  oak,  maple,  beech,  etc.  The  only  reason  that  the  silver  grain 
is  not  seen  in  ash  or  pine  is  because  the  medullary  rays  are  too  small 
in   these    species   to   be   noticeable. 

The  structure  of  wood  has  been  shown  in  many  publications,  but 
for  a  brief  description  and  some  excellent  photo-micrographs  the  reader 
is  referred  to  Dr.  Hermann  Von  Schrenk's  Bulletin  on  "The  Decay  of 
Timber,"  1902,  Bureau  of  Plant  Industry,  United  States  Department 
of  Agriculture. 

Further  description  here  would  seem  redundant  but  for  the  neces- 
sity of  having  the  material  clearly  before  the  reader  while  discussing 
the  features  in  particular.  The  writer  will  therefore  take  time  to  dis- 
cuss the  structure  more  in  detail. 

There  are  two  distinct  classes  of  wood  as  to  structure,  the  conifers 
or  "soft  woods,"  and  the  broad-leaved  trees  or  "hard  woods."  The 
wood  of  the  conifers  is  composed  almost  entirely  of  one  kind  of  cells, 
except  for  the  medullary  rays,  while  that  of  the  broad-leaved  trees  is 
composed  of  at  least  two  and  often  five  or  six  different  kinds  of 
cells.     We  will  therefore  take  up  first  the  wood  of  the  conifers. 

The  cells  of  these  are  known  as  "tracheids"  and  are  considerably 
longer  than  wide,  with  more  or  less  oblique  ends.  The  walls  of  these 
cells  are  composed  first  of  a  very  thin  membrane  completely  enclosing 
each  cell,  known  as  the  primary  wall,  and  upon  this  wall  is  deposited 
a  secondary  wall  or  thickening  layer,  which  is  very  much  thicker  toward 
the  end  of  each  annual  ring.  This  is  shown  in  Figs,  i  and  2,  which 
are  cross-sections  of  Longleaf  Pine,  Fig.  2  being  more  highly  mag- 
nified than  Fig.  i.  Fig.  2  shows  the  end  of  one  annual  ring  with  the 
thick  walls  and  the  beginning  of  the  next  ring  with  the  thin  walls. 

This  secondary  wall  is  not  complete,  but  is  perforated  on  the 
ends  of  the  cell  and  on  its  two  radial  walls  by  a  great  rnany  small 
round  orifices,  which  correspond  exactly  in  position  with  similar  orifices 
in  the  walls  of  the  adjacent  cells.  Thus  the  two  orifices  coming  to- 
gether form  a  lenticel-shaped  orifice  in  the  walls  between  the  lumena 
of  the  adjacent  cells. 

This  orifice,  however,  is  not  open,  but  is  closed  through  the  center 
ify   the    membrane    of    the    primary    walls.     Fig.    3-A.     These    "bordered 


Fig.    I — Cross-section   of   a    Piece  of   Longleaf    Pine. 


Fig.  2. — Cross-section  of  A  Piece  of  Longleaf   Pj.\e,  Highly  Magnified. 
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pits,"  as  they  are  called,  are  so  numerous  in  the  walls  of  the  tracheids 
as  to  form  a  feature  as  important  as  the  walls  themselves.  They  are 
so  numerous  as  to  appear  in  the  longitudinal  sections  as  chains  of  rings. 
Fig.   2,-C.     • 

The  partition  membrane,  called  the  "middle  lamella,"  usually  has  a 
thickening  disc  in  the  middle,  as  in  Fig.  3,  called  the  torus. 

The  primary  wall  of  the  cell,  including  the  middle  lamella,  is  re- 
markably permeable  to  water,  but  almost  completely  impermeable  to  air 
when  wet.  The  torus,  however,  is  thought  to  be  composed  of  a  dif- 
ferent  substance,  which  is  only  slightly  permeable  to  water. 

As  the  membrane  is  elastic,  this  arrangement  of  torus  and  lamella 
forms  a  remarkable  mechanical  valve  which  completely  closes  the  orifice 
of  the  pit  when  ihe  pressure  within  the  cell  becomes  sufficient  to  press 
the  torus  against  the  enclosing  ring,  as  in  Fig.  3-B.  It  thus  acts  like 
a  pump   valve,   but   closes    to   excessive    pressure   in   either   direction. 

Let  us  suppose  the  lumen  to  be  full  of  water  under  a  slight  pres- 
sure, but  which  is  not  sufficient  to  close  the  valve.  Water  will  then  be 
forced  through  the  membrane,  something  like  a  filter,  but  as  the  pressure 
increases  until  the  opening  is  completely  closed,  the  flow  of  water 
will  be  very  much  reduced  or  entirely  stopped.  It  must  be  remarked 
in  this  connection  that  the  entire  cell  wall  is  peculiarly  permeable  to 
water,  but  as  the  walls  become  very  much  thickened,  they  must  oflfer 
great  resistance  to  the  passage  of  water,  whereas  the  membrane  of  the 
pits  allows  it  to  pass  through  with  great  freedom.  I'hese  bordered  pits 
persist   even    in    the   thickest   walled    cells. 

These  tracheids  occur  in  the  woody  tissues  of  all  plants  and 
all  species  of  woods,  and  they  are  the  only  kind  of  element  which  is 
never  missing,  aside  from  the  small  parenchyma  cells  which  contain  the 
living  protoplasm,  and  of  which  the  medullary  rays  are  chiefly  com- 
posed. There  is  now  no  question  but  that  these  tracheid  cells  have  to 
do  chiefly  with  the  conduction  of  water  through  the  stem  of  the  living 
plant.  Just  how  this  is  accomplished  has  so  far  completely  baffled  all 
investigation,  although  it  has  long  been  a  topic  of  discussion  among 
scientists.  That  the  water  rises  to  the  tops  of  the  tallest  trees,  as 
much  as  five  hundred  feet  in  some  cases,  is  a  self-evident  fact,  and  that 
it  passes  through  the  tracheids  has  been  well  established,  but  no  com- 
pletely   satisfactory    explanation    has    been    given. 

This  subject  of  the  transpiration  of  water  through  woody  tissues 
has  a  very  direct  bearing  upon  the  impregnation  of  wood  with  preserva- 
tives. If  we  knew  more  about  the  conditions  which  control  the  move- 
ment of  water  we  would  know  more  about  the  methods  of  operation 
in  the  wood   treating  cylinder. 

In  the  living  trees  water  rises  through  the  outer  layers  of  wood, 
called  "sapwood,"  and  very  little  and  probably  none  at  all  rises  through 
the  heartwood.  In  such  species  as  beech,  however,  which  are  all  sap- 
wood,  water  continues  to  pass  through  the  entire  stem,  though  probably 
most   freely  through  the  outer   layers. 
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In  the  sapwood  of  living  trees  the  torus  of  the  bordered  pits  lies 
in  its  normal  position  as  shown  in  Fig.  3-A.  •  As  the  sapwood  changes 
to  heartwood,  however,  the  torus  is  pressed  against  the  opening,  as 
in  B,  and  becomes  firmly  cemented  or  united  to  the  rim.  It  is  prob- 
ably sucked  into  this  position  by  the  partial  vacuum  formed  in  the 
neighboring  cell,  as  its  water  content  transfers  out  through  the  wall, 
since  the  cell,  as  stated  before,  is  quite  impervious  to  air.  Gradually 
the  lumena  of  the  heartwood  lose  most  of  their  free  water  and  air 
very  slowly  takes  its  place.  The  walls  of  the  cells,  however,  remain 
saturated. 

The  tracheids  with  these  peculiar  valve-like  pits  are  apparently 
capable  of  withstanding  an  enormous  pressure.  In  the  living  cells  the 
pressures  due  to  osmosis  frequently  amount  to  three  or  four  atmospheres, 
and  it  is  stated  by  Strassburger  that  a  pressure  as  high  as  eight  atmos- 
pheres (120  lbs.  gage)  have  been  measured.  Livingston  states  that  the 
pressure  may  vary  from  two  to  more  than  a  hundred  atmospheres 
(1,500  lbs.  gage)   within  living  cells.* 

In  addition  to  the  tracheids,  many  of  the  conifers,  particularly  the 
pines,  contain  "resin  ducts,"  which  are  tubular  passages  of  much  greater 
diameter  than  the  tracheids,  scattered  here  and  there  at  irregular  inter- 
vals. They  are  not  sufficiently  numerous  to  form  a  structural  feature 
of  the  cross-section  of  the  wood,  however.  One  of  these  ducts  is 
plainly  visible  in  Fig.  i,  which  is  a  section  of  longleaf  pine,  and  two 
are  visible  in  Fig.  4,  which  is  a  section  of  loblolly  pine  sapwood  en- 
larged exactly  the  same  number  of  times.  A  more  highly  magnified 
view  of  such  a  duct  is  shown  in  Fig.  5.  As  the  name  implies,  these 
ducts  are  more  or  less   filled   with    resin,   which   also   permeates   all   the 


*Mr.  Tiemann  writes  separately  the  following:  "It  seems  exceedingly 
doubtful  whether  liquids  are  ever  really  forced  Into  the  cells  or  'sucked' 
out  of  them  by  mechanical  pressures,  at  least  In  green  wood.  It  Is  possible 
that  when  the  wood  dries  the  cells  may  in  some  instances  check  open  and 
allow  free  passage,  but  this  is  purely  speculative  and  requires  demonstra- 
tion. This  whole  question  requires  further  investigation.  It  should  be  noted 
here  that  the  liquids  without  doubt  are  pressed  through  the  resin  ducts 
and  the  'vessels'  of  the  heartwoods,  as  through  tubes,  but  these  will  be 
described  shortly.  Some  other  explanation  appears  to  be  necessary  for  the 
penetration  of  the  solutions  into  the  lumena  of  the  cells.  Do  they  seep 
through  the  cell  walls  and  the  lamella  of  the  ducts  as  does  the  water?  The 
writer  has  made  some  experiments  In  attempting  to  force  air  and  steam 
through  woods  under  pressure.  As  a  rule,  with  the  conifers  It  has  been 
Impossible  to  obtain  any  penetration  through  a  length  of  less  than  three 
Inches,  even  at  130  lbs.  pressure.  Some  penetration  to  steam  was  obtained 
in  loblolly  pine  sapwood,  but  the  writer  believes  that  this  was  largely  through 
the  resin  ducts.  The  hardwoods,  containing  vessels,  such  as  Red  Oak, 
Chestnut,  Ash,  Hickory,  etc.,  were  all  permeable  to  a  more  or  less  extent, 
doubtless  through  the  vessels,  but  White  Oak,  for  a  reason  which  will 
appear,  resisted  all  effort.  The  writer  has  also  examined  small  splinters 
of  creosoted  Longleaf  Pine  under  the  microscope  while  applying  an  air 
pressure  of  20  lbs.  to  one  end,  the  other  end  at  a  distance  of  two  or  three 
inches  from  the  pressure  end  being  free.  Although  the  tracheids  were  nearly 
filled  with  the  liquid  creosote,  no  significant  movement  of  the  liquid  was 
observed." 


Fig.   4 — Cross-section   of   a    Piece  of   Loblolly    Pine   Sat  wood. 


Fig.   5 — Resin    Duct   in   a    Piece  of    Longleaf    Pine: 
Cross-section   Highly   Magnified. 
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wood  tissues.  In  Figs.  2  and  5  some  of  the  bordered  pits,  as  in  Fig. 
3-A,  are  visible  in  the"  photographs,  but  they  may  be  obscured  in  the 
reproduction.  In  other  species  of  the  conifers,  as  the  Douglas  Fir,  the 
continuity  of  the  resin  tubes  is  somewhat  interrupted  by  constrictions, 
and  in  sequoia,  fir  and  hemlock  they  are  reduced  to  simple,  small 
cavities   called   cysts. 

The  medullary  rays  are  composed  of  short  thin-walled  cells  having 
"simple"  pits  in  the  walls.  These  pits  are  of  various  forms  and  shapes, 
according  to  the  species  of  wood,  but  do  not  have  the  peculiar  valve- 
like structure  of  the  bordered  pits  of  the  tracheids.  They  are  closed, 
as  in  the  latter,  by  the  membrane  of  the  primary  wall.  These  cells 
when  living  contain  protoplasm  and  the  various  foods  and  products  of 
vital  action.  They  serve  a  totally  different  purpose  from  the  tracheids 
and   form   a  vital   link  between  all   the  living   elements  of  the   plant. 

These  cells  with  living  contents,  which  occur  also  about  the  resin 
ducts  in  the  conifers,  and  more  or  less  throughout  the  woody  tissue 
of  the  hardwoods,  are  called  parenchyma  cells.  The  medullary  rays 
of  most  of  the  conifers  contain  in  addition  to  the  parenchyma  cells, 
one  or  more  rows  of  tracheids,  but  of  a  peculiar,  flattened  form,  with 
smaller  1  ordered  pits.     The  pines  have  also  resin   ducts  in   ihe  medullary 


FiG.  6 — Tangential  Section  of  a  Piece  of  Longleaf  Pine. 


I 
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rays.  These  resin  ducts  are  visible  in  the  tangential  section  of  longleaf 
pine  shown  in  Fig  6.  Time  prohibits  further  discussion  of  the  conifers, 
and  we  will  now  give  brief  consideration  to  the  more  complex  and 
diverse   structure    of   the   broad-leaved    species    or    hardwoods. 

The  simplest  of  these  contain,  in  addition  to  the  tracheids,  certain 
long,  tapering,  ihick-walled  cells  called  wood-fibers.  Taking  the  red 
gum  as  one  of  the  simplest  type,  the  three  elements  are  shown  in  Fig.  7, 
which  have  been  drawn  to  scale  directly  from  the  microscope-  An  en- 
larged view  of  the  parts  is  shown  in  Fig.  8.  The  tracheids  in  this 
case  are  very  large  and  resemble  the  vessels  of  other  species.  They  are 
joined  or   spliced  end  to  end  by   a   slanting   wall   containing   pits   much 


M 


I 


F        D 

Fig.  7. — Comparative  Sizes  of  the  Wood  Elements  of  Red  Gum.  F, 
Wood  Fiber;  D,  Duct  or  Vessel  (Trachea)  ;  M,  Medullary  Ray  Cells. 

resembling  a  grating.  They  also  have  bordered  pits  on  their  side  walls. 
The  fibers,  Fig.  8  and  Fig.  9,  constitute  the  main  body  of  the  wood, 
and  contain  small,  slit-like  pits.  These  are  visible  in  the  cross-sectional 
view  shown  in  Fig.  9.  Figs.  7,  8  and  9  are  taken  from  Bulletin  58, 
Bureau  of  Forestry,  on  "The  Red  Gum,"  and  were  drawn  from  the 
microscope  by  the  writer.  A  brief  description  of  the  structure  of  this 
wood  is  given  in  the  bulletin  referred  to. 
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Many  hardwoods,  such  as  the  oak,  contain,  besides  these  wood- 
fibers  and  trachcids,  much  larger  tubular  cells,  the  end  walls  of  which 
often  break  down,  thus  forming  continuous  tubes  or  pipes  running  more 
or  less  the  entire  length  of  the  stem.  These  are  so  large  in  the  oaks 
as  to  be  very  noticeable  to  the  naked  eye,  and  they  constitute  what 
are  commonly  referred  to  as  the  "pores"  of  the  wood. 

These  vessels  are  plainly  seen  in  Fig.  lo,  which  is  a  cross-section 
of  a  piece  of  red  oak  at  the  junction  of  two  annual  rings.  The  large 
vessels  are  in  the  early  spring  wood,  and  the  smaller  ones  are  in  the 
dense  autumn  wood  of  the  previous  year.  The  edges  of  the  medullary 
rays  appear  as  dark  parallel  lines,  one  very  wide  one  being  shown. 
The  small  pin-like  holes  are  the  trachcids  and  the  minute  points  the 
wt)od-fii)crs   and    parenchyma    cells. 


Fig.    10 — Ckoss-sectiun    of    Reu    Oak    at   Junction    of    Annual  Rings. 

But  not  only  are  there  the  four  distinct  classes  of  cells  present, 
namely,  wood-fibers,  tracheids,  vessels,  and  parenchyma  cells,  but  there 
are  all  gradations  and  combinations  of  these  cells.  Some  have  spiral 
thickenings  of  the  walls,  and  some  have  ladder-like  thickenings.  A 
longitudinal   section   through  these   large  vessels,  tangential   to   the   radius 


Fig.    II— Tangential    Section    of    Reu    Oak    Through    the 
Large  Vessels 


Fig.    12 — Radial   Section   of   Red  Oak   Through   a   Single 
Vessel  and  at  Junction  of  Annual   Rings. 
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of  the  tree  is  shown  in  Fig.  ii,  and  Fig.  12  is  a  radial  section  through 
one  vessel,  taken  at  the  junction  of  the  autumn  and  following  spring 
wood.  It  shows  clearly  where  the  original  partitions  across  the  vessel 
existed. 

Now  one  can  readily  understand  how  liquids  can  be  forced  by 
pressure  directly  through  these  ducts  or  vessels.  In  fact,  one  can  readily 
with  the  mouth  blow  air  through  a^  stick  of  red  oak  several  feet  long. 
But  how  can  the  liquid  be  made  to  pass  into  the  lumena  of  the  cells 
which   are  completely   closed   by   the  primary   walls? 

Fig.  13  shows  a  cross-section  through  a  piece  of  white  oak  to 
exactly  the  same  scale  as  Fig.  10.  It  will  be  seen  that  the  vessels  are 
nearly,  if  not  quite,  as  large  as  those  of  the  red  oak.  Yet  it  was 
found  impossible,  as  stated  before,  to  force  air  or  steam  through  a 
piece  of  white  oak  less  than  3  inches  long  and  under  a  pressure  of  130 
lbs.     Whv  this  difference? 


Fig.   13 — Cross-section  of  a  Piece  of  White  Oak,  Show- 
ing Tyloses  in  the  Vessels. 

Examination  of  the  vessels   in  Fig.   13  will   disclose  a  peculiar    for- 
mation within  them.     These   are   ingrowths,   called   tyloses,  composed   of 


Fig.  14 — Tangential  Section  of  White  Oak  Through  the 
Large  Vessels,   Showing  the  Ty'loses. 


1 


Fig.    is — Radial    Section    of    White    Oak. 
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very  thin-walled  cells,  which  gradually  grow  into  the  pores  and  lumena 
of  the  cells  as  the  change  from  sap  to  heart  wood  takes  place,  and 
effectually  seal  the  spaces  to  the  passage  of  air.  These  are  well  shown 
in  the  tangential  section.  Fig.  14,  and  by  comparing  this  with  the  similar 
section  of  red  oak,  Fig.  11,  the  cause  of  the  resistance  to  penetration 
is  very  strikingly  apparent.  Fig.  15  is  a  radial  section  of  white  oak 
similar  to  Fig.  12  for  red  oak. 

The  majority  of  the  hardwoods,  and  even  some  conifers,  have  these 
tyloses  to  a  greater  or  less  extent.  In  the  case  of  the  white  oak  the 
futility  of  supposing  that  liquids  could  be  forced  through  these  passages 
by  pressure  is  self-evident,   from  a  study   of  the   structure. 

Before  closing,  the  writer  would  make  a  brief  remark  upon  the 
substance  of  the  cell  walls.  The  primary  wall  is  composed  of  a  carbo- 
hydrate known  as  cellulose  and  having  the  same  chemical  formula  as 
starch.  It  is  of  remarkable  structure  and  absorbs  moisture  from  the 
air  or  gives  it  up  again  in  proportion  to  the  vapor  tension  of  the  sur- 
rounding space.  It  swells  and  shrinks  in  proportion  to  the  amount  of 
water  which  it  absorbs.  In  contact  with  water,  under  given  condi- 
tions, it  will  absorb  a  definite  amount  and  no  more.  It  is  also  permeable 
to  a  great  many  solutes,  as  various  salts,  sugars,  etc.  To  what  degree 
ft  is  permeable  to  oils  such  as  creosote  the  writer  is  unable  at  present 
to  state.  The  secondary  wall  is  composed  of  a  very  complex  substance 
called  by  the  general  name  of  lignin,  which  has  never  yet  been  satis- 
factorily analyzed.  This  also  has  the  properties  described  for  the  pri- 
mary wall,  but  probably  to  a  much   less   degree. 

When  wet  the  primary  wall,  as  before  stated,  is  practically  impervi- 
ous to  air,  but  it  allows  the  transmission  of  water  with  the  greatest 
of  ease.  Evidently  here  we  have  an  explanation  of  the  action  of  w-ood 
to  the  penetration  of  solutes.  Any  permeable  solute  will  readily  soak 
through  the  cell  wall  into  the  cell  lumena,  provided  the  outer  pressure 
exceeds  that  within  the  cell.  But  if  the  cells  are  already  full  of  air 
no  amount  of  pressure  can  fill  them  with  liquid,  since  the  confined  air 
cannot  pass  out  through  the  cell  walls.  No  more  can  a  vacuum  extract 
the   air    from   the   cells.* 

Green  wood  and  sapwood  contain  much,  less  air  in  the  lumena  than 
heartwood  and  seasoned  wood. 

But  time  will  not  permit   further  discussion.     Between    the   cells   of 


♦Mr.  Tiemann  writes:  "I  would  like  to  mention  here  another  hypothesis 
in  regard  to  the  penetration  of  the  conifers  with  creosote.  The  resin  ducts 
and  medullary  rays  contain  semi-fluid  resin,  and  all  the  tissues  appear  to  be 
permeated  with  it.  Resin  has  an  affinity  for  creosote  as  sugar  has  for  water. 
Is  it  not  likely  that  the  resin  permeating  the  cells  draws  in  the  creosote,  and 
unites  with  it  in  solution,  the  same  as  sugar  will  with  water?  Tliis  would 
account  for  the  readiness  v/ith  wliich  the  creosote  enters  the  tracheids  of 
a  wood  like  loblolly  pine^  even  though  air  be  present  in  the  lumena  of 
the  cells." 


WOOt)    PRESERVATION.  653 

all  woods  are  minute  interstices  or  air  spaces  which  communicate  with 
the  outer  air  through  the  medullary  rays  and  the  lenticels  of  the  bark. 
What  influence  these  minute  passages  might  have  upon  the  penetration 
of  liquids  is  entirely  an  unknown  quantity.  Enough  has  been  said  to 
show  the  importance  of  a  more  complete  and  exhaustive  study  of  the 
subject  of  penetrability  from  the  anatomical,  physiological  and  physical 
standpoint. 

Note  regarding  illustrations:  The  photo  micrographs,  Figs.  1  to  2,  4  to  6 
and  10  to  15,  were  made  by  tlie  author  expressly  for  this  paper  and  have  all 
been  enlarged  to  exactly  the  same  scale,  so  that  they  are  directly  compar- 
able. That  is  to  say,  Figs.  2  and  5,  which  are  highly  magnified,  are  com- 
parable, and  all  of  the  other  figures,  which  are  magnified  to  a  lower  power. — 
H.  D.   T. 


Appendix  D. 

PRACTICE   IN   GROUPING   OF  SPECIES. 

The    Committee    sent    out    a    circular    letter    as    follows : 
(Circular  No.   112.) 

The  Committee  on  Wood  Preservation  has  appointed  a  Sub-Com- 
mittee on  the  Adaptability  of  Woods.  This  Sub-Committee  desires  to 
gather  information  concerning  the  classification  of  species  that  take 
treatment  together,  and  to  record  -experiences,  if  any,  with  the  strength 
of  treated  timber. 

Will  you  be  good  enough  to  fill  out  the  following  blank,  in  so  far 
as  you  can  consistently  do  so,  and  assist  the  Committee  in  its  work? 

(i)     Species  of  timber  accepted  for  treatment. 

(2)  Grouping   of  species,  etc. 
Class   of   timber    (ties,   etc.). 
Retort: 

Steam    (pressure;   time). 

Air   (pressure;  time). 

Fluid    (pressure;    temperature). 

Vacuum  (inches;  time). 

Notes. — Penetration;  sap;  heart;  quantity  injected  per  cubic  foot,  etc. 

(3)  Please  supply  copies  of  specifications  under  which  work  is 
performed. 

(4)  Please  record  in  detail  any  experiences  relative  to  deficiency 
of  strength  of  treated  timber,  stating  species  and  process,  retort  con- 
ditions,  and  condition   of   timber   before    treatment. 

Certain  individuals  were  further  addressed  to  obtain  opinions  based 
upon  experience.  The  summary  of  the  replies  is  given  in  Table  I,  and 
abstracts  of  the  replies  are  given  below. 

ABSTRACTS    OF    REPLIES    TO    CIRCULAR    NO.     112. 

The  International  Creosoting  &  Construction   Company. 

We  endeavor  to  separate  the  dififcrent  grades  of  pine  as  much  as  it 
is  possible  to  do  in  practice.  In  the  handling  of  a  large  volume  of 
business,  however,  it  is  not  always  possible  to  rigidly  enforce  these 
instructions.  This  applies  to  the  different  species  of  pine.  We  do  not 
separate  according  to  sapwood  unless,  of  course,  we  have  an  order 
calling  for  strictly  heart,  which  is  very  seldom,  and  in  this  event  it  is 
necessary  to  treat  it  to  itself. 
Atlantic  Creosoting  &  Wood  Preserving  Works,  Norfolk,  Va. 

We    treat   almost    exclusively   pine   with    occasional    gum.     We    have 
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treated  some  little  oak,  and  our  practice  is  always  to  separate  the  species 
of  wood  in  each  cylinder,  loading  separately  longleaf  and  shortleaf 
pine.  If  the  quantity  to  be  treated  is  sufficiently  large,  we  endeavor 
to  separate  the  heartwood  from  the  sap,  but  we  do  not  advocate  creo- 
soting  heart  pine  and  believe  it  more  difficult  to  satisfactorily  penetrate 
than  oak,  gum  and  other  so-called  hardwood.  Our  experience  with 
gum  and  red  oak  is  that  it  can  be  satisfactorily  treated. 

W.  F.  Sherfesee,  Chief  of  OMce  of  Wood  Preservation,  Forest  Service. 
As  the  sapwood  of  all  species  can  be  impregnated  without  difficulty 
when  reasonably  air-dry,  the  writer  presumes  that  it  is  only  with  the 
relative  ease  of  impregnation  of  heartwood  that  you  are  interested. 
Moreover,  it  is  probably  taken  for  granted  that  green  wood  and  dry, 
large  dimension  stuff  and  small  timbers,  are  not  to  be  grouped  to- 
gether, but  that  the  moisture  content  and  size  of  the  timber  are  to  be 
considered  as  fairly  uniform.  It  would,  of  course,  be  easy  enough  to 
discuss  the  probable  behavior  of  certain  species  from  a  purely  theoretical 
point  of  view,  taking  into  consideration  the  physiological  structure  of 
the  different  timbers,  their  organic  cell  contents,  etc. ;  but  experience 
has  shown  very  emphatically  that  the  controlling  factors  which  influence 
the  absorption  of  different  preservatives  by  different  processes  are  so 
complex  that  theoretical  deductions  are  erroneous  more  often  than 
correct.  It  is  oftener  necessary  to  find  an  explanation  for  known 
results  than  it  is  possible  to  predict  such  results  with  accuracy. 

Octave  Chanute.     (See  Table  No.  i.) 

The  writer  believes  that  this  grouping  is  chiefly  controlled  by  the 
specific  gravity  of  the  wood  when  perfectly  dry,  although  it  is  seldom 
indeed  that  it  is  in  that  condition  when  treated.  If  you  will  Insert  the 
dry  weight  per  cubic  foot  in  the  margin  of  our  grouping,  the  above 
fact  will  appear.  Something,  however,  is  due  to  texture.  Thus,  hem- 
lock, which  weighs  26  lbs.  per  cubic  foot  perfectly  dry,  is  as  hard  to 
inject  as  red  oak,  which  weighs  43  lbs.  per  cu.  ft. 

Something  is  also  due  to  locality  of  growth.  Upland  red  oak  is 
more  refractory  than  lowland  red  oak,  and  we  allow  for  this  in  the 
length  of  treatment.  Ties  seasoned  in  close  piles  require  more  time  than 
when  stacked  in  open  piles,  and  when  we  are  in  doubt  we  select  a 
few  ties  from  the  pile  and  ascertain  their  weight  per  cubic  foot,  having 
a  trough  expressly  made  to  measure  the  water  displacement. 
Samuel   M.    Rowe. 

The  writer  herewith  submits  a  statement  with  relation  to  proper 
classification  of  our  American  woods  with  reference  to   treating. 

The  writer  has  relied  upon  a  long  series  of  tests  as  to  the  natural 
absorptive  powers  of  each  kind  to  take  up  water  when  immersed  in  a 
normal  degree  of  dryness,  believing  it  would  aid  in  judging  of  the 
nature  of  the  timber  in  practical  treating. 

In  practice  it  is  found  that  woods  will  absorb  in  the  course  of 
the  ordinary  methods  of  impregnation  under  pressure  of  100  lbs.,  while 
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in    the   solution   about   as   much   as   is   taken   up   by    immersion    in   28    to 

30  days,  and  on  this  basis  the  following  table  is  constructed. 

Class  A,  those  that  absorb  less  than   20  per  cent,   in   volume, 
Class  B,  those  absorbing  from  20  to  40  per  cent.,  and  Class  C,  those 

absorbing  over  40  per  cent. 

This   gives   more   than   75   per   cent,    in    the   one    class    (B),    making 

the    exceptions    hardly    worth    considering,    and    it    hardly    seems    worth 

while   to   attempt  a  classification. 


TABLE  II. 
S.  M.  Rowe's  Classification  of  Timbers  for  Treating. 


Name 


Ash  (White) 

Beech 

Cedar  (White) 

Cherry  (Wild) 

Cottonwood 

Cvpress 

Elm  (Red) 

Elm  (Rock) 

Fir  (Douglas) 

Fir  (Balsam) 

Gum 

Hackberry 

Hemlock 

Hickory  (s.  b.) 

Linden  

Maple  (Sugar) 

Oak  (White) 

Oak  (Black) 

Oak  (Red) 

Oak  (Water) 

Pine  (long  leaf.) 

Pine  (sht.  leaf.) 

Pine  (So.  Yellow) 

Pine  (Mtn.) 

Pine  (Mtn.) 

Pine  (Black  Hills) 

Pine  (Mich,  wh.) 

Pine  (Pinion) 

Pine  (Bull) 

Pine  (Norway) 

Pine  CNorthern  wh.)... 

Pine  (White)   

Pine    White) 

Pine  (diseased) 

Pine  (Mexican,  8  var.) 

Spruce 

Spruce  (White) 

Spruce  (White) 

Spruce  (Red)  

Spruce  (Red)  

Sycamore 

Tamarack 


Loc. 


Mich. 

Ind. 

Mont. 

111. 

Mont. 

Texas . 

III. 

Mich. 

Mont. 

New  Mex 

Texas . 

111. 

Mich. 

Mich. 

111. 

Mich. 

Mo. 

Ind. 

Ind. 

Ind. 

Texas 

Texas 

Texas 

New  Mex 

Colo. 

S.  D. 

Mich. 

Colo. 

Mont. 

Mich. 


New  Mex. 

Colo. 

Wyo. 


New  Mex. 

Colo. 

Mont. 

Colo. 

New  Alex, 

III. 

Mont. 


Wt.  Cu.  Ft. 


37.8 
38.7 
20.8 
45.4 
24.6 
37.2 
33  1 
46.9 
31.7 
25.4 
32.8 
40.8 
25.6 
46.8 
27.3 
46.4 
46.0 
41.4 
43.5 
46  9 
34.7 
35  2 
38.2 
28.8 
21  .2 
29.3 
28.2 
24.8 
26  5 
25.6 
24.3 
25.3 
23.4 
27.8 
32.1 
31  .3 
24.9 
20.8 
28.7 
33.2 
41  .0 
32.9 


Abs.  Wt. 
Per  cent. 


.265 
.214 
.265 
.170 
.383 
.246 
.215 
.216 
.212 
.227 
.254 
.290 
.323 
.200 
.526 
.266 
.249 
.157 
.169 
.132 
.241 
.249 
.231 
.225 
.299 
.216 
.494 
.324 
.220 
.238 
.278 
.225 
.281 
.402 
.318 
.274 
.268 
.250 
.261 
.164 
.366 
.228 


A 

B 

X 

— 

X 

— 

X 

X 

— 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

X 

or  X 

— 

X 

— 

X 

X 

— 

X 

— 

X 

— 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

— 

X 

X 

■ — 

— 

X 

~ 

X 

Class  A  20  per  cent  or  less. 

Class  B  20  per  cent,  to  40  per  cent. 

Class  C  over  40  per  cent. 

The  conditions  of  climate  and  other  causes  and  conditions  may 
vary  as  well  as  differences  in  the  same  woods  in  different  locations, 
so  that  it  will  be  difficult  to  cover  all  cases.  I  have  never  believed  in 
guessing   or   jumping   to   conclusions    when    it    is   possible    to    get    some- 
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thing  that  will  aid  to  guide,  and  I  am  sure  that  this  method,  no  matter 
how  many  classes  are  desired,  will  be  an  aid. 

F.  J.  Lass,  Mechanical  Engineer  of  the  Mexican  Central  Railroad 
Compan}^,  at  Aguascalicntc^,  Mexico,  supplies  the  details  of  treatment 
of  Mexican  pine  and  Texas  pine  by  the  Wellhouse  process.  The 
treatment  aims  at  an  absorption  of  one-third  of  a  pound  of  zinc 
chloride  to  the  cubic  foot.  On  account  of  the  very  dry  porous  condition 
of  the  Mexican  pine  a  weak  solution  of  1.25  per  cent,  is  used,  and  this 
is  raised  to  2  per  cent,  for  green  timber  or  the  more  dense  Texas  pine. 

The   cases  cited  are : 

Steaming,  20  lbs.  for  3  to  7  hours;  vacuum,  21  in.,  i  to  2  hours; 
solution,  100  lbs.  for  ^  to  61%  hours;  glue,  100  lbs.  %  to  ij4  hours; 
tannin,    100   lbs.,    }i    to    1%    hours. 

This  plant  is  now  being  converted  into  one  for  treating  ties  with 
crude  oil  that  has  a  heavy  asphaltic  base.  The  treatment  varies  with 
the  class  of  timber  and  its  condition  of  seasoning. 

A  letter  from  Lincoln  Bush,  Chief  Engineer  of  the  D.,  L.  &  W. 
R.  R.,  supplies  details  of  treatment  by  creosote  of  prime  yellow  long- 
leaf  material '  for  bridge  ties.  Average  material  received  12.42  lbs.  of 
creosote  per  cu.  ft.  with  following  treatment :  Steam  25  lbs.  for  Syi 
hours ;  vacuum,  26.75  Jii-  for  3.92  hours ;  oil  at  157^  lbs.  pressure 
for  3  hours.  Dense  and  green  material  required  25  lbs.  of  steam  for 
II  hours,  and  28  in.  of  vacuum  for  4^  hours;  oil  at  170  lbs.  for  3 
hours;   receiving  17.32  lbs.  per  cu.  ft. 

In  the  treating  with  creosote  of  wedges  and  guard  rails  for  the 
Bergen   Tunnel,    the    following   results    are   quoted : 


Material. 

Steam. 

Vacuum. 

Oil. 

Longleaf 
Pine. 

Pres. 
Lbs. 

Time. 
Hrs. 

Inches. 

Time. 

Pressure 

Time. 

Absorp. 

Guard  Rails 

Ties 

Wedges 

25 
23 
25 

6.0 
3  4 
3  3 

26 

27 
27 

4.12 
3  09 

2.8 

165 
156 
132 

3.12 

2.7 

2.56 

12.28 
12.76 
12.67 

The  steaming  and  vacuum  were  not  necessarj'  in  the  case  of  thoroughly  seasoned 
timber. 

T.  E.  Calvert,  Chief  Engineer  of  the  Chicago,  Burlington  &  Quincy 
Railway,  has  communicated  to  the  Committee  the  preliminary  results 
of  experiments  at  Galesburg,  III.,  by  F.  J.  Angier  to  determine  the 
absorption  of  various  species  of  woods  treated  together  under  like 
conditions,  using  the  Card  process  and  an  experimental  retort.  Three 
or  four  ties  of  each  kind  were  treated.  All  the  ties  used  in  this  treat- 
ment were  seasoned  at  least  eight  months  and  are  carefidly  selected, 
so  as  to  be  as  free  as  possible  from  knots  and  other  defects.  No 
steaming  is  allowed   and  no  initial  vacuum.     In   each   case   the   solution, 
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consisting  of  23  per  cent,  creosote  by  volume,  and  water,   containing   5 

per  cent,   of  zinc  chloride,   is   introduced   at   a  temperature    of    180"    F., 

and    a    pressure    of    150    lbs.    maintained    for  3    hours.     This    is    fol- 
lowed by  a   i-hour  vacuum. 


Species, 


Cypress.  .  .  . 
Cottonwood 

Willow 

Birch 

White  Elm  . 

Poplar 

Soft  Maple. . 
Hemlock  ..  . 

Loblolly 

Hard  Maple. 
Red  Gum..  . 

Beech 

Red  Oak  ..  . 

Ash 

Hickory..  .  . 
Tamarack  . . 
White  Oak.. 


No. 

Wt.  per 

Ties 

cu.  ft. 

Treat- 

before 

ed. 

Treat- 

ment. 

4 

27.3 

4 

23.2 

4 

28.6 

4 

38.2 

4 

34.4 

4 

27.0 

4 

32.5 

4 

31  6 

4 

32.3 

4 

42.0 

3 

33.0 

4 

46.0 

3 

44.0 

3 

42.3 

4 

48.4 

4 

40.8 

4 

47.0 

Gain  in 

wt. 
per  cent. 


98.01 
88.31 
82.03 
67.93 
60.50 
58.74 
50.58 
49.46 
44.22 
40.72 
36. 99 
36.57 
35.87 
34.47 
23.85 
20.29 
7.97 


Absorption, 
per  tie^ 


lbs. 
Zn.  CI. 


4.09 
2.11 
2.42 
2.75 
2.11 
1.71 
1.69 
1.78 
1.47 
1.75 
1.45 


lbs. 
creosote. 


16.96 

12.59 

14.43 

16.45 

12.59 

10.24 

10.12 

10.64 

8.80 

10.46 

8.67 

10.18 

12.65 

10.12 

6.55 

4.83 

2.30 


Net  Gain 

after 
vacuum 
per  cent. 


80.0 
49.4 
58.0 
53.0 
48.5 
45.2 
44.0 
37.6 
27.3 
33.5 
29.0 
27.5 
32.0 
30.3 
20.6 
20.3 
5.98 


Eppinger  and  Russell  Co.,  Long  Island  City,  N.  Y. 

It  is  our  custom  here  to  confine  ourselves  to  the  creosoting  of 
yellow  pine,  both  long  and  shortleaf,  in  which  we  inject  from  ten  to 
24  lbs.  of  oil  per  cu.  ft.  We  separate  as  much  as  possible  the  long- 
leaf  from  the  shortleaf,  also  the  sapwood  from  the  heartwood.  The 
seasoned   lumber   is   also   treated    separately   from    the    green   lumber. 

When  the  lumber  is  perfectly  seasoned,  we  omit  the  steam  and 
vacuum  process,  but  when  not  seasoned  we  steam  from  three  to  twenty 
hours,  and  a  vacuum  from  two  to  eight,  depending  on  the  condition 
of  the  lumber  being  treated. 

Circular  146,  Forest  Service,  "Experiments  with  Railway  Cross- 
Ties,"  by  H.  B.  Eastman.  Douglas  fir  and  tamarack  seasoned  ties 
were  treated  with  a  6  per  cent,  solution  of  zinc  chloride  with  an  m- 
jection  of  0.786  lb.  of  pure  chloride  per  cu.  ft.  of  timber.  The  increase 
in  weight  per  tie  was  nearly  51  lbs.  in  the  case  of  tamarack,  and  36 
lbs.  for  Douglas  fir  peeled  when  cut,  and  40  lbs.  for  Douglas  fir  peeled 
directly  before  treatment. 

Circular  132,  Forest  Service,  "The  Seasoning  and  Preservative 
Treatment  of  Hemlock  and  Tamarack  Cross-Ties,"  by  W.  H.  Sherfesee, 
gives  the  following  table  of  absorption  in  relation  to  weight  of  wood, 
and  shows  also  that  there  is  very  little  difference  in  the  absorption  of 
hemlock  and  tamarack. 
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Weight  per  Cubic  Foot  Before  Treatment. 

Percentage  of  Ties  Absorbing  Over  10 

Pounds  per  Cubic  Foot. 

Pounds. 

Hemlock. 

Tamarack. 

57 

0 

0 

56 

5 

0 

55 

9 

7 

54 

13 

12 

53 

16 

17 

52 

19 

21 

51 

21 

26 

50 

24 

31 

49 

27 

36 

48 

30 

40 

47 

33 

44 

46 

36 

48 

45 

39 

52 

44      . 

42 

56 

43 

46 

60 

42 

49 

64 

41 

53 

68 

40 

56 

72 

39 

60 

76 

38 

64 

37 

68 

36 

72 

35 

76 

34 

80 

33 

85 

32 

90 

31 

94 

30 

99 

29 

100 

28 

100 

27 

100 

Average  penetration 
in. 
0.58 
0.49 
0.40 
0.39 


Circular  136,  Forest  Service,  "The  Seasoning  and  Preservative 
Treatment  of  Arborvitae  Poles,"  by  C.  Stowell  Smith,  gives  the  effect 
of  rate  of  growth  upon  penetration  and  absorption  of  arborvitae  poles 
when  treated  by  the   open  tank  method. 

Number  of  rings  to  Average  absorption, 

last  inch.  lbs. 

10-20  46 

21-30  44 

31-40  39 

41-60  ^^ 

Circular  147,  Forest  Service,  "Progress  in  Chestnut- Pole  Preserva- 
tion," by  Howard  F.  Weiss,  shows  the  relation  between  rate  of  growth 
upon  penetration  and  absorption  of  creosote  in  chestnut  poles  treated 
by  the  open   tank  method.     This   is    shown   by   the   diagram. 

Circular  151,  Forest  Service,  "The  Preservative  Treatment  of  Lob- 
lolly Pine  Cross-Arms,"  by  W.  F.  Sherfesee,  describes  experiments  to 
determine,  among  other  things,  the  relative  absorption  of  sapwood  and 
heartwood,  and  the  conclusion  is  as   follows : 

"During  the  process  of  manufacturing  the  arms  they  should  be 
graded  into  three  classes :  Arms  that  contain  at  least  75  per  cent,  of 
heartwood ;  arms  that  contain  at  least  75  per  cent,  of  sapwood,  and 
arms   that  occupy  an  intermediate  position." 

The  above  circulars  of  the  Forest  Service  contain  valuable  descrip- 
tions of  the  seasoning  of  timber  and   of  the  effect  of  various   elements 
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upon  the  treating  process.     These  matters  are  to  be  taken  up   in   further 
reports   of  the   Committee. 

K.  O.  Faulkner,  Atchison,  Topeka  &  Santa  Fe. — The  writer  begs 
to  say  that  at  our  Somerville  (Texas)  Plant  we  group  only  the  pines — 
longleaf,  shortleaf  and  loblolly — treating  our  ties  by  the  Rueping  process, 
.75 1 1 1 1 1 1 1 ! 1  50 


.69 


.62 


.56 


g.50 


.3B 


^/ 


.25 


.19 


\ 

\ 

\ 

V 

^-7- 
^-^ 

^ 

— ^ 

\ 

^^v^^ 

^ 

"^ 

2     3 


40 


30 


20 


to 


5       6      7      8       9      10      II     fZ      13    14      IS 

a/vnuat  hings  in  last  inch 
Relation  of  Rate  of  Growth  with  Penetration  and  Absorp- 
tion OF  Creosote  in  Chestnut  Poles. 
using  75  lbs.  initial  air  pressure,  taking  about  30  minutes,  followed  by 
creosote  pressure,  175  lbs.,  for  i  hr.  30  m.,  then  after  the  oil  has  dropped 
out  of  the  impregnating  retort,  a  vacuum  for  i  h.  45  m.,  taking  in  all 
about   4   h.    25   m.    for   each    run. 

While    we    have    had    a    few    other    hardwoods    for    test    purposes, 
they   are   not    sufficiently    numerous    to    tabulate,    consequently    the    only 
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other  woods  are  the  gums  and  red  oak;  we  get  enough  of  each  kind 
so  that  we  have  not  had  to  treat  them  mixed.  We  use  the  same 
method  of  treatment,  excepting  that  we  put  in  85  lbs.  of  air  followed 
by  200  lbs.  of  creo.sote  pressure,  and  a  vacuum  as  before. 

With  the  pines  we  get  complete  penetration  of  the  sapwood  and  a 
little  way  into  the  heart,  but  not  much  ;  the  oil  used  varying  from  4% 
to  4^   lbs.  to  the  cu.   ft.   of  timber. 

With  the  gum  and  red  oak  we  get  very  little  into  the  heart,  although 
the  sap  is  well  treated  and  the  quantity  used  varies  from  4  to  4^2  lbs. 
per  cu.   ft. 

We  treat  nothing  but  seasoned  timber. 

At  the  Albuquerque  Plant,  we  treat  the  red  spruce  with  creosote 
by  the  Rueping  process,  using  80  lbs.  of  air,  200  lbs.  creosote 
pressure  followed  by  the  usual  vacuum ;  and  the  other  Rocky  Mountain 
pines  we  treat  with  California  crude  oil,  heated  to  200  degrees  F.. 
using  200  lbs.  oil  pressure,  followed  by  a  drip  vacuum  to  clean  the 
surface  of  the  wood,  which  otherwise  would  be  hard  to  handle. 
Grouping  Reported  by  Ayer  &  Lord  Tic  Co. 

(i)     The   red  oaks — ties. 

(2)  Pine,    except    longleaf — ties,    lumber    and   piling 

(3)  Ash,   elm,   gum,   beech,   maple,   sycamore — ties. 

(4)  Longleaf — paving    blocks. 

Various  processes  are  used,  including  Rueping,  Burnettizing  and 
Straight  Creosoting.  Steaming  is  used  up  to  20  lbs.  and  4  hours  when 
necessary. 

Grouping   Reported    by    Neiij    York    Central    Lines. 


GROUP   NO.    I. 

15.  Red  Oak.  19. 

16.  Pin  Oak  or  Swamp  Spanish      20. 

Oak.  21. 

17.  Black  Oak  or  Yellow   Oak.       22. 

18.  Spanish   Oak. 


^2,- 


GKOUP  NO.  2. 

2-?. 


24.     Beech. 

GROUP  NO.   3. 

26.  Sugar  Maple  or  Rock  Maple.  30. 

27.  White     Ash.  31. 

28.  Bitlernut  or   Swamp   Hickory.  2,2. 

29.  Shellbark    Hickory. 

GROUP  NO.  4. 
2,z.     Silver  Maple,   Soft  Maple  or    ^y. 
White   Maple. 

34.  Red    Maple,    Swamp    Maple     38. 

or   Soft    Maple. 

35.  Sycamore.  39. 

36.  Red   Birch  or  River   Birch. 


Water    Oak   or   Jack    Oak. 
Scarlet    Oak. 

Shingle  Oak  or  Laurel  Oak. 
Willow    Oak. 

Honey      Locust     or      Honey 
Shucks. 

Sweet   Birch  or  Black  Birch. 

i^Iockernut   Hickory. 
Pignut    Hickory. 
Hackberry,      Sugarberry      or 
Nettle    Tree. 

White    Elm,    American    Elm 

or    Water    Elm. 
Cork     Elm,     Rock     Elm     or 

Hickory    Elm. 
Tupelo,       Pepperidge,       Sour 

Gum  or  Black  Gum. 
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GROUP   NO.   5. 

40.  Red  Gum,   Sweet  Gum  or  Liquidambar. 

GROUP  NO.   6. 

41.  Cypress. 

The  Barber  Asphalt  Paving  Co.,  Maurer,  N.  J. 

So  far,  we  liave  treated  shortleaf  pine,  longleaf  pine,  spruce  and 
hemlock.  We  were  somewhat  surprised  at  the  good  results  obtained 
on.  the  spruce,  as  we  injected  an  ordinary  twelve-pound  treatment  in 
one-inch  stuff  without  difficulty,  although  we  had  always  believed  that 
spruce  was  hard  to  treat.  The  spruce  was  'house-dry'  and  made  up 
into   parts  of  lead   cable   reels   before   being   treated. 

We  have  never  grouped  the  few  species  of  wood  which  we  have 
treated,  treating  each  species  by  itself. 

Regarding  the  class  of  timbers,  we  treat  ties,  piles,  cross-arms, 
dock  and   bridge   timbers   and    wood   paving  blocks. 

Shreveport  Creosoting  Co.,  Ltd.,  Shreveport,  La.  Following  are 
specifications   under   which    the   treating   of  the   species    was   performed : 

"Vacuum  of  20  in.  was  applied  as  soon  as  cylinder  was  closed, 
holding  this  vacuum  from  forty-five  minutes  to  one  hour.  The  creosote 
was  then  introduced,  at '  a  temperature  not  to  exceed  190  or  200  de- 
grees, under  the  vacuum,  allowing  the  vacuum  to  die  as  the  cylinder 
filled.  The  cottonwood  and  red  elm  absorbing  a  small  percentage, 
while  the  cylinder  filled,  the  oak  absorbing  practically  none.  The  pump 
pressure  is  immediately  applied,  and  the  required  amount  of  creosote 
can  be  impregnated  within  three  hours  under  pressure  not  to  exceed 
150  pounds." 

THE    CREOSOTING    OF    TIMBER    GROWN     IN     ENGLAND. 

By   W.    B.    Havelock,    Brocklesby,    Lincolnshire,    Eng.     (Transactions    of 
Royal  Arboricultural   Society,  Vol.  20,   12.) 

"The  following  (see  table)  are  the  results  of  tests  made  in  order 
to  ascertain  how  much  creosote  oil  would  be  absorbed  by  various  kinds 
of  timber  under  high  pressure.  Fifty-six  kinds  of  timber  were  experi- 
mented with,  all  of  which  were  grown  on  the  estate  of  the  Earl  of 
Yarborough,  Brocklesby  Park,  Lincolnshire.  The  timber  was  sawn 
to  the  sizes  stated  below,  and  naturally  seasoned  in  the  open  air,  the 
creosote  being  injected  under  a  pressure  of  80  to  85  lbs.  per  sq.  in. 
(approximately  6  atmospheres)  for  3  hours.  The  creosote  (sp.  gr. 
1,040,  costing  2^d.  to  3d.  a  gallon  delivered  to  the  purchaser's  yard) 
was  warmed  by  steam  during  »ise,  and  a  vacuum  of  9  lbs.  was  obtained 
in  the  cylinder  before  it  was  injected.  The  last  column  of  figures  shows 
the  amount  of  creosote  absorbed  per  cubic  foot  of  the  wood  submitted 
to   the   process." 


-a 


^0.3 


,  t,  o  a) 
o  oj  o 

O 


_g  IN  O  C<5  C<I  05  CO  <0  O  to  ■>3l  00 10  ^  t^  CO  M  O  W  10  iO  CO  (M  10  ® 

iJiOrH.-(^oooaioO(»t^t^t-to-*ffl®>o-tcococ^irtO 


H 

o 

o 

w 

o 
fa 

O 
15 
O 
H 

O 

pa 

<! 

s 

P3 
H 
H 
W 
Q 

O 

M 

H 
55 

)— I 

p3 
W 

PL, 


«5 


•^  »ft  ^* 


iO'^iOiO»0»0»^iOiO*Oi040*0»OCCiOiO»0«DiOiCiOiOiO 


Hw -+e  o»H«  «!■*-«  Hm 


iC0C^MTt<C^C^!NrHlOr-HCC(M  CJ  ^i-hC^  rHrH 


tJO 

o 


M 


^^2 


•  Htt>fiM>aWHa>^^t^i'3Wx3W 


e«.+'fr+*«jo6?a^-*e-^»Hf^'*'^      m^F^wH^^W 


<COOOiNOtOiN«OCO'^-^C0010«D-*--iTt<OCOLOC1^0tO 
icD^iOiOt~COCDiOCTi^^<:OCOC-lTl<-^-rlH^TtcOI>tOr)icO 


;cOC^COO'0-*^CO-*iMO"*ic<105C0  01COOOCO(MiOiO'*CO 


mPh 


2cocococococococococococococococococococococococo 
^  )^  >i  -A  X  y.  y,  •,<  ■/<  X  >:  y.  n  X  y,  >".  X  y.  X  X  X  i<  X  X  y. 

rHe4HMHe^r-4?iH^H^r^r-fc4H^H^^nH^HP*H^'^H^H^H?^Hf)'^F^'-4^H^H<^ 

cococococococococococococococococococofococococo 

rT-.COCDCDCOCOcOCDCOgOcDCOOCDcD^COgPCOCOcOgPCQgDCD 


O  » 


M  N  C^  ■<*  C^l  fl  M  W  to  C)  10  CO  ^  ■*  CT  N  C-)  in  N  •*  "t  CO  N  to 


5  Pi 


t%  IB  o 


663 


664 


WOOD     PRESERVATION. 


>. 

V 

<; 

oi 

0 

'i; 

^_ 

u 

Sh 

a 

c 

m 

en        i« 

2 

ui 

93 

3 

2 

5  a; 

c  c 

a> 

c 
0 

05      CI      _S 

00 

>6 

s 

PI 

■* 

•§6 

0. 

3 
O 

O 

c 

—        3 

•*       -^ 
0      « 
*^        0 
0       -^ 

e<5     CO 

•      p 
!      0 

.     0 

■^     e    ^S2 

■S        t-        CO  » 
a;      ^        ■~-  Qi 

8i 

0 

i  i  5 

^  !^  i 

_  CU  H  _ 

<;     -N     t^S 

^«J 

a 

1      § 

E 

0 

N 

d  ^ 

0 

<u 

3 

V      = 

0> 

s=^>. . 

-/^ 

S     -^ 

;      0 

K 

U- 

0    0 

£    3    c. 

d 
d 

3 

^"S  01 

.«>. 

.       "       "0 

.0 

e 

Cl      J3 

•5        rt       <N 

2 

o 

Oj3   0^ 

0           r-H 

0    2 

0 

:    S 
■   0 

i 

S    5    f- 
-'    c.    5 

•*    >    0       1 

►-3-/}H^ 

s 

1^^    N 

0       ,„ 

<N      1 

•8 

aj 

T3       'c 

ri 

h5 

a 

3 

2 
o 

lit    ■ 

3^3 

So 

M     1 

3 
m     0 

"  s 

0 

■    S 

0 
•      2 

:   ^ 

CI 

2    ^    i 
'^    .0 

aJ 
"     1     ^ 

W       jj       M 

C-l 

£ 

? 

u               ^ 

tn 

a 

Cl 

.  0) 

% 

S       MO 

X 

i 

L^ 

a> 

£ 

3 

ffl  0 

0        c  '■" 

tb      3 

'^j 

2 

o 

"3 

3 
0 
Q 

ir 

JZ     .-0 
0.  aJ 

0 

C)       0 

c 

S 

i^ 

3 

J2     . 

•3" 

"' 

c   . 

.  0> 

!     t3 

£ 

[i. 

• 

a 

s 

<^ 

0. 
3 
0 
1-1 

la 

•     0 
•a 

c 

0 

.0 
10 

M 

a 

^ 

M 

3 

•         0 

"^ 

__; 

1.  Chanute. 

CO 

a 

3 

2 
a 

U^  a  jj  0  ::  5i'*l 

s 

H 

C 

c 

:   3 

.    0 

0 

c 

I 

0 

c 

0 

-* 

0 

ti. 

«    c 

?b 

Cl 

2     3 
0 

Cl      J3 

C 
Eh 

a 

c 
fa 

1 

tSJ 

>> 

a 

3 
O 

o 

(U  J    .  0 

0) 

C 

c 

•    2 

:    0 

0 

c 

i 

0 
0 

5 

0 

0 

c 
ir 

5: 

c 

c 

CJ 

c 

c 

3 
0 

J3 

c 

3 

J 

c 

fa 

4 

c 

> 

i 

tS! 
>> 

Q 

O 

-<K^    xa 

:    t5 

H 

-*> 

V 

6     c.a 

Z 

J 

-c 

-g 

0. 

3 

2 

a 

^   «   *  O-H   §  cj   D  g   C   0 

c 

c 

15 
:   0 

c 

i 

c 

J3 

0 

fa 

C 
ir 

c 
c 

c 
c 

3 
0 

c 
W 

3 

a 

c 

W 

a 

3 

c 
'C 

> 

Q 

£ 

S 

u 

«>     . 

a  . 

H 

T3  ,; 

a 

a; 

22 

i 

B 

3 

t4 

0 
0 
1^ 

aj 
C 

a 

0 

02 

H 
"0 

P^ 

B 

«. 

; 
a 
Pm 

:   ^ 

u 

0 

0      "O 

a> 

a: 

B 

a 

0 
4 

In 

11  = 

0 

£ 

'•5 

a  -3 

2 

Ph 

Z 
a 
> 

■1 

P^ 

0 

^    1 

a 

M 

Ha 

i-i 

H 

O 

U 


WO 

OD 

PR 

ES 

EF 

.V^ 

»iT 

[Q] 

•Nj. 

665 

t 

E 

1 

?5 

a 

CO 

a 

1 

sg 

:    *;i 

K   O 

3 
o 

o 

(N 

05       SJ           <n 

:   1   1      S 

-2 

a> 

!        '— V 

fl 

■B 

.  « 

g 

0. 

3 
O 

a 

i 

o 

•s  • 

.  4) 

sg 

0) 

■      B 

lO 

3 

o 

t4 
3 

CI     ■" 

^ 

•                ^-v 

©^ 

"d 

•  3J 

■ 

z 

1-1 

a  <D 

.  « 

>-li 

ai 

3 

(J 

O         4^                m 

a 

Eg 

Sg 

:    &  g 

^ 

o 

;      5 

lO       o 

■5     "       - 

00 

o 

■3i 

H  § 

•      o  a) 

lO 

CI     ja 

e    :: 

:        H" 

M 

S 

•     ►-','? 

•<1< 

-♦• 

fd     CG          «o      1 

O 

►?s 

ZD 

:      B 

Hw 

QJ    fcl 

^ 

:   fe    ^ 

2 

> 

-^ 

§e 

.-o 

^ 

3 

o 

•   3 

•  1    ^    g 

o 

:      ^ 

d 

0 

o 
u 

O 

<u  o 

C 
C 

J3 
O 

;   o 

c 

i 

:    o    g?    ° 

6§ 

CO 

•        d 

r^ 

SiQ 

Tt< 

'-' 

o 

U  V 

0. 

i 

3 

:   "^ 

^ 

;   fe 

3 

:  .E5 

.    tsi  . 

s 
S 
o 

< 

o 

O 
CO 

53 

:   '^ 

o 

CI 

:  ?2    o    ° 

•       o       iM       ~ 

1     o'co 

-g-i 

■^  ,^ 

.     Si 

.     .-  o 

J3 

0. 
3 
0 

i 
o 

3 
O 

-6 

O 

o 

CM 

:  ?5   b    2 

■     5     c>     - 

—  ^  (U 
O— '  *^ 

a 

W 

>- 

P5 

a 

^1 

cP 

CO 

;     C4 

oci 

tn 

0. 

3 

e 

o 

a5 
"E 

>> 

Q 

c 

D 

o 

IN 

3 

o 

CO 

■2 

O 

i 

°o     S    ^ 

OOO  0 

^ 

^ 

o 

o  — 

, 

O   O 

6 

a 

3 

0) 

H 

c 

£ 

3 

o 

"H 

i 

"5          3 

o      5S     o 

II 

<d 

2 
o 

01 

O 

J3 
<N 

o 

8   ^  ^ 

C»                 1-1 

OOO  o 

TJ(1^    (0 

o-< 

a 

3 

2 

.  aJ 

O   Oi'-H 

O 

t4 

3 
O 

3 
O 

o 

CI 

o     c»     _^ 

a 

O 

0 

M 

N 

4> 

rH 

o 
o 

M 

s" 

« 

V 

a 

H 

■o  . 

tT 
0 

£ 

0) 

S-2 

■3 

a 

3 

si     : 

o 

3 

s   a 
1  i 

a 

4>     . 

1 

o 
«i5 

S 

o 

6 

3 
0) 

o 

3 

v' 

V 

o 

S     : 

u 

5 

ti 

8 

•■5 

■3 

1 

a 

a 

u 

> 

E 

a 

Oh 

a> 

6G6 

WOOD 

PRESERVATION. 

; 

•«« 

.-N 

w 

•o 

TJ 

tfi 

a 

& 

S 

:   t^ 

^ 

3 

£ 

a 

a 

o 

^ 

^^ 

o 

>n 

O 

'■13 

Vd 

2 

o 

a 

Pa 

o 

O 
;      00 

<N 

J3 

a 

:    w 

1 

> 

np3 

o 

'^^ 

ll 

•* 

-     BJ 

no 

3 

rr,   " 

>, 

ttH 

o 

oj 

oi 

d 

a 

a 

2 
o 

Oaks: 
Red, 
Black 
Pin, 
Willo 

o  . 

-a 
1^ 

o 

J3 

s 

a 
■     W 

C 

'3 
1 

6 

^^ 

& 

S 

CO 

i 

13 

3 

t) 

0. 

w 

>. 

M 

o 

:   f^" 

^ 

3 

:    2i 

£ 

a 

. 

3 

0) 

.2  o 

(; 

o 

Ui 

O 

'■3 

*^ 

0) 

1 

2 
o 

IS 

o 

O 
00 

O 

;    CO 

(N 

J3 

a 
:   w 

3 

a 

6 

09 

'^ 

a;  .2 

^v 

^ 

a" 

N 

■a  as 

!i^ 

m 

'.     Ua 

3 

o 

9) 

o 

•^ 

a 

i 

a 

CO 

o 

5 

i 

o 

c 

:   " 

3 

i 

u  u 

O  V 

m  a. 

0 

^ 

rH 

•d 

>. 

03 

:   (iJ 

c 

0) 

■J 

"§ 

a 

S  0 

kl 

J2 

3 

fcH 

ja 

M   0 

D 

2-s 

.2  0 

^ 

o 

lO 

o 

*^ 

61 

%^ 

p 

"Xl  o 

H  § 

o 

o 

O 
;      00 

N 

ja 

!      e 

a 

•2  »i 

ClJc/l 

M 

1-1 

§ 

•    W 

M 

060 

s 

^— ^ 

Q 

a   . 

OS  m 

o 

i 

:  p^' 

£ 

3 

>, 

en  ** 

'^ 

o 

N 

0. 

M 

s 

gS 

^H 

§ 

:   S 

C< 

g     : 

2 

a 

c 

CJ 

o 

^-^ 

3 

1-^ 

w 

T3 

V 

<u 

1 

_j- 

a 

Q 

§« 

o 

X 

:   (iJ 

^ 

V 

•«)< 

"3 

3 

^^ 

m  ** 

•"• 

o 

N 

0. 

<N 

!H 

2 

o 

£'f> 

o 

4> 

(N 

a> 

O 

6 

a 

a 

S 

:   2 

o 

o 

,-~~ 

■»» 

6 

O 

3 

a 

3 
o 

a 

1 

t4 

O 
o 

i 

:   (^ 

o 

•       O 
CO 

a 
■■3 
o 

o 
o 

1 

(N 

0 

O 

O 

a 

<0 

:   "^ 

o 

A 

3 

S 

CO         u 

c3 
> 

m 

a 

O 
>> 

O      M 

;      o 

1 

:   fe 

£ 
•* 

3 

2 

o 

si 

.Sfe 

§ 

s 

O       (N 
O       S 

s 

:   '^ 

o 

•       O 
■       to 

(N 

2 

o 

. 

0} 

a  . 

H 

■W  .; 

i 

3 

3 

' 

iJ 

■    1 
:    2 

•    "5 
1- 

a 

.**    - 
Co 

03 

H 

tf    Pi 

■        3 

4) 

:   ^ 

i 

£ 

o 
ea 

•^1 

o   . 

0     3       :     *" 

0    -a 

5 

c 
6      C 

« 

ii 

ffi 

»      ^ 

'      a^ 

6 

0)       e^ 

a 

0        C 

5    b 

I        .1 

il 

3    -3 

1   E 

1 

(1. 

a   ^ 

c 

a 
> 

1 

3       C 

*^ 

WOOD    PRESERVATION. 


667 


t- 

1 

V 

; 

2 

£     5 
o 

o 
o 

01 

J 

?■     :   p=^    .     3 
•  uo  jj  J3       :!; 

a 

o 

1 

'^       CO 

b 

■^ 

M 

J4    . 

a 

o 
u 

o1s 

1  i 

"^      o 

1 

o 

i 
If 

;  :  1  ^  -    - 

1 

03 
> 

O 

3 
0 

(M 

CO 

M 

o 

t~ 

'T 

M 

o 

m 

o 

a 

3 

o 

O 

1   i 

i 

o 

£ 
C 

;  ;  i5  -  -    ^ 

1 

6 

O 

rtCQ 

> 

c^ 

CO 

If 

5            •         r-J 

TH 

O 

*d 

•^ 

■* 

S 

03 

oj 

•8 

O 

o 

t4 

a 

a 

o 

c 

3 

0 
J3 

to 

o 
o 

£ 

C 
C 

:   c^   . 

>       •     "^     ? 

3 

CO 

IN 

in 

•« 

a 

6 

« 

rt 

cd 

0) 

a 

^6    . 

£ 

3 

0 

£ 

;  ^ 

; 

3 

£ 

o 

-a 

u- 

O 

J3 

0 

:   S   ^ 

-= 

^ 

IN 

< 

a 

en    «    - 

"o 

c<- 

lO 

•   i-J 

•^ 

'"' 

N* 

u 

CJ 

a 

3 

Q 

30 

a 

1 

3 
O 

O 

o 

£ 

2 

3 

£ 

b 

o  o  ti 

c 

J3 

c> 

C 

•       C-. 

IN 

a 

«  c3  a 

■< 

c«- 

CO 

>                          .-H 

^ 

«5 

0} 

2 

1 

£ 

C 

o 

0 

o 

£ 

C 

'     :   t^   .     3 

,     i   3   ^   1        = 

£ 
IM 

-J 

t 

lO 

If 

>     :    -^ 

O'^" 

c 

1 

-j 

"S 

,_( 

al^-^ 

OJ  bo 

O 

cbO« 

a 
o 
O 

B  aj  eS 
O      M 

Is 

5« 

c 
c 

>     •    N 

PQ 

J 
O 

•S-S,'^-    -3 

_ 

f. 

=5's 

4 

0. 

3 

o 
O 

■g.2  g  53  »i  a  «J3J3  a 

• 

o 

c 

3 

a 

5| 

1 

^ 

u 

CO 

■d 

£ 

c 

6 

a 

3 
0 

O 

>4 

o 

:   i^ 

o 

■  ! 

IT 

c 

01 

a 
W 

p3 

GO 

nh 

u,     . 

0) 

0,    . 

H 

'O  .; 

i 

s 

£ 

o 
o 

!      a 

a 

c  o 

03 

-2    a 

<v 

3 

PU 

o 

•a 

£ 

"o 

0. 

0 

1 
1 

.5  5 
-3 

a   s   a  3 

3 

a   i 

0 

e 

§ 

s  §s 

u 

CO 

H 

< 

H 

(^ 

Ph 

H     H 

> 

H 

PLI 

M 

K 

o-     1 

668 


WOOD     PRESERVATION. 


T 

1 

•^J.!               .        O 

•d 

cc!  ^a   i 

U5 

a 

s 

■3ii 

owg 

OJ  «>  o 

c 

T 

1 

fa. 
0 

C 
C 

Sa-a     C         o 

c 

00                   — 

e) 

t 

0. 

Tt« 

a 

o 

O 

tt 

c 

S 

J^S 

£ 

CO 

a 

■dl 

» 

:r 

^ 

y 

u- 

£ 

3 

ow 

&> 

— 

X 

— 

c 

o     ic             ■ti       -•  5                    1 

o 

2 

o 

H 

c 

- 

'J 

a 

Cl      ^ 

CO 

o 

rtPi 

00  CO 

0. 

0) 

> 

« 

.3 



M 

t; 

■^ 

V 

-' 

^_^ 

2    o 

w    £ 

00 

B 
O 

a 

3 
O 

■6 
o 

03  > 

1  i 

O       ^ 

""      0       o      ir 
m     o     C-)     •* 

o 

a 

og 

■* 

CO       Oi 

£ 

t- 

M 

•a    ■ 

a 

3 

o 

u 
o 

3 

a 

i 

2 

ft 
c 

S5    •«          ^^ 

£ 

h 

a 

03  «*   C   d 

•<t 

■^ 

■^ 

■« 

^g 

N 

a 

03 

O?^  dhJ 

« 

73 

a 

&    . 

bil 

ir 

tr 

i 

fc 

"i 

m 

a 
a 
a 

3 

o 

O 

O  V 

ir 

c 

o 

O 

lO 

y 

S 

0 

a 

^ 

J 

l- 

£ 

fl- 

„ 

~> 

m 

B 

3 

2 
o 

Ode 

PhPP 

C 

J3 
CO 

C 

o     S    -^ 

'J2       -> 

o 

US 

1 

"5 

a 

3 

2 

§2.5 

bDn; 

C 

£ 

c 

1 

73 

£ 

00 

"a 

a 

i-JiJP- 

fcM 

^ 

■^ 

.a 
O 

e«j 

« 

1 

CS 

cq 

CO 

a 

3 

2 

o 

gsl 

"11 

PhCQ 

£ 

C 

£ 

C 

S=     *^     X 

2   ^   ^ 

"a 

5 
o 

1 

o 

(N 

IN 

a 

3 

o 

S  «5  C 

B 

£ 
C 

X 

t^ 

£ 

c 

_j_ 

£ 

C-l 

ij^jfi, 

s 

c? 

;c 

^ 

a 

3 
O 
u 

a 

o  fli  c 
j=  4;.= 

V 

4. 

'C 

C 

£ 
5 

£ 

C 

c 

C 

^           t- 

CO       x 

* 

£ 

u   .     1 

s 

a 

H 

t; 

V 

OJ 

"S   ■     1 

X 

.a 

OJ 

a 

jJ2 

1 

0 

0. 

:     £ 

•       Ph 

OJ 

c 

'/: 

"o 

£ 

a 

U 

£ 

J 

s 

« 

5-.£ 

m 

0 

a 

0. 

IX 

4)       -C 

5 

c 

i, 

CJ 

Si 
5^ 

a: 

£ 
p 

'■< 

s  ■= 

9 

S 

> 

c 

lU 

c 
el 

cl 

3 

o 

DISCUSSION. 

The  President : — We  will  now  consider  the  report  of  the  Committee 
on  Wood  Preservation.  Mr.  A.  L.  Kuehn  is  chairman,  and  will  make 
a    preliminary   statement. 

Mr.  A.  L.  Kuehn  (American  Creosoting  Company)  : — This  is  the 
first  report  of  the  Committee  on  Wood  Preservation.  The  subject  in 
America  is  almost  brand-new,  with  cne  or  two  exceptions,  so  in  a 
sense  the  Committee  is  in  a  new  field.  The  report,  therefore,  is  not 
detailed  and  specific ;  it  is  more  or  less  general.  It  is  intended  to  be 
an  introduction  of  the  subject,  rather  than  a  thorough  and  exhaustive 
report  or  investigation.  The  peculiarity  of  wood  preservation  is  that 
it  takes  a  long  time  before  it  is  known  whether  the  wood  has  actu- 
ally been  preserved  to  the  extent  to  which  it  is  supposed  to  be  pre- 
served, so  that  investigation  will  necessarily  extend  over  a  long  period 
of  years.  A  full,  conclusive  statement  of  results  obtained  on  a  large 
scale  in  America  will  require  a  number  of  years.  Necessarily  the 
work  of  this  Committee,  to  be  successful,  will  have  to  be  the  work  of 
several   years,   more   so,   perhaps,   than    the    reports   of   other   committees. 

The  report  has  been  divided  into  four  parts.  The  Committee  al- 
most unanimously  believes,  that  the  conclusions  are  absolutely  true. 
The  report  is  summed  up  in  the  form  of  conclusions,  and  perhaps  we 
had  better  consider  them   in   their   order. 

The  Secretary: — "(i)  Coal-tar  creosote  and  zinc  chloride  are  effi- 
cient preservatives  when  properly  applied  and  when  used  under  proper 
conditions. 

"(2)  It  is  necessary  to  keep  better  records  than  have  been  kept 
so  far  in  order  to  form  proper  conclusions  as  to  the  merit  of  different 
methods   and  processes. 

"(3)  Preserved  wood  may  be  destroyed  by  mechanical  action  long 
before    it    is    decayed. 

"(4)  The  specification  as  given  for  coal-tar  creosote  is  good 
practice    and    should    be    adopted." 

Mr.  W.  W.  Curtis  (Consulting  Engineer)  : — I  want  to  call  atten- 
tion to  one  feature  in  connection  with  the  specification  for  coal-tar 
creosote  as  referred  to  in  conclusion  4.  I  regard  the  specification  as 
an  extremely  good  one,  and  one  which,  if  adopted  and  lived  up  to, 
would  give  us  a  better  article  of  creosote  than  we  have  generally  had 
in  past  j-ears.  I  have  thought,  however,  before  the  Association  adopts 
this  standard,  they  should  be  advised  of  one  or  two  matters  in  con- 
nection  therewith. 

Practically  all  of  the  records  which  we  have  of  past  treatments, 
and  upon  which  we  are  basing  our  conclusions  of  the  efficiency  of 
creosoted  material  to-day,  are  based  upon  oil  which  would  not  meet 
the  specification  proposed  for  adoption.  Of  all  the  oil  made  in  this 
country   and    in    Great    Britain,-  I    think    a    comparatively    small    amount 
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would  comply  with  the  specification.  The  German  oil  would,  and  I 
am  frank  toi  say  that  I  believe  the  German  oil  and  the  oil  which 
would  comply  with  the  specification  is  a  better  article  than  we  have 
had  in  past  years,  or  that  we  are  getting  in  many  cases  to-day,  but  that 
is  very  largely  an  assumption  on  my  part.  Another  "but"  is  that  we 
are  confronted,  and  have  been  for  the  last  five  years,  with  the  diffi- 
culty of  not  only  getting  the  oil  wliich  we  might  want,  but  with  get- 
ting any  oil  at  all. 

Now,  in  order  to  ascertain  something  about  the  actual  conditions 
as  they  exist  in  this  country,  the  Secretary  of  the  Association  was  re- 
quested some  months  ago  to  send  out  a  circular,  which  v^ent  to 
practically  all  of  the  timber-treating  plants  in  the  United  States  which 
were  using  oil,  giving  a  short  summation  of  the  specification  as  pro- 
posed, and  the  firms  were  asked  to  state  what  proportion  of  the  oil 
they  had  used  'during  the  two  preceding  years  would  meet  the  specifica- 
tion. I  have  here  a  statement  showing  these  replies.  There  are  three 
instances  where  the  reply  was  that  none  of  the  oil  which  they  had 
been  using  would  be  excluded  under  this  specification.  Of  the  other 
replies,  five  replied  that  loo  per  cent,  of  all  the  oil  they  had  been 
using  would  be  excluded ;  another  98  per  cent. ;  another  90  per  cent., 
and  so  on  down.  Out  of  about  twenty  replies,  there  were  three  which 
reported  that  all  of  the  oil  they  had  received  during  the  two  preceding 
years  would  be  covered  by  this  specification,  and  the  other  seventeen 
reported  that  from  100  per  cent,  down  to  5  per  cent,  would  be  ex- 
cluded by  the  specification ;  five  plants  did  not  receive  any  oil  which 
would    comply   with    the   proposed    specification. 

I  wrote  to  a  number — I  think  all — of  the  manufacturing  plants  in 
this  country  where  creosote  oil  is  made,  asking  them  for  a  state- 
ment as  to  what  percentage  of  their  oil  would  be  eliminated  by  this 
specification,  and  curiously  enough  I  did  not  receive  a  single  reply  to 
my  inquiry.  That  may  be  explained  in  two  ways :  either  they  are 
perfectly  willing  to  comply  with  this  specification,  or  they  are  indiffer- 
ent as  to  what  we  specify  and  think  we  have  to  take  their  oil.  As 
I  said  before,  I  agree  fully  with  the  conclusions  that  this  specification, 
if  adopted,  will  give  us  a  better  oil  than  we  have  generally  had,  but 
while  I  have  no  interest  in  it  one  way  or  the  other,  I  doubt  the 
wisdom  at  the  present  time  of  adopting  a  specification  which  will  rule 
out  a  very  large  part  of  all  of  the  American  oil  and  which  will  also 
rule  out  a  considerable  part  of  the  British  oil,  in  view  of  the  short- 
ness   of   the    supply. 

Another  matter  I  desire  to  refer  to  is  that,  immediately  following 
the  specification  for  coal-tar  creosote,  there  is  a  specification  for  zinc 
chloride,  which  is  printed  in  boldface  type  and  is  consequently  in- 
tended for  publication  in  the  Manual.  There  is  no  conclusion  reported 
by  the  Committee  for  the  adoption  of  this.  The  Association  already 
has  in  previous  years  adopted  a  specification  for  zinc  chloride.     In  my 
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judgment  it  is  a  much  better  specification  than  the  one  now  submitted, 
and  consequently  I  want  to  call  attention  to  the  fact  that  the  specifica- 
tion for  zinc  chloride  is  improperly  printed  in  boldface  type,  if  there 
is  no  intention  to  have  it  adopted ;  a  specification  for  the  same  has 
already  been  adopted;  and  in  my  judgment  the  specification  for  zinc 
chloride  as  submitted  is  worthless ;  any  kind  of  zinc  chloride  could 
be  delivered  under  it. 

Mr.  A.  L.  Kuehn : — You  will  remember  that  I  said  the  Com- 
mittee was  "almost  unanimous" — unanimous,  except  one.  I  will  answer 
for  the  remainder  of  the  Committee  why  they  voted  to  adopt  the 
specifications  for  coal-tar  creosote.  There  is  a  peculiar  condition  in 
this  country  governing  the  production  of  creosote  oil.  The  supply  is 
dependent  entirely  on  the  demand  for  pitch.  In  other  words,  creosote 
oil  is  not  manufactured  for  the  purpose  of  producing  creosote  oil  only ; 
that  is,  it  is  a  by-product.  The  demand  for  pitch  is  limited  to  roofing, 
calking  purposes,  etc.  The  demand  for  creosote  oil  in  America  is 
much  in  excess  of  the  production.  Only  about  30  per  cent,  of  the 
creosote  oil  used  in  the  United  States  is  produced  here,  the  rest  is 
imported.  An  economic  condition  is  involved  in  this.  There  is  a  de- 
mand for  pitch  in  foreign  countries  greater  than  there  is  in  the  United 
States ;  one  demand  is  for  coal  briquettes,  which  we  do  not  use  in 
the  United  States  to  any  extent.  The  demand  for  pitch  in  Europe 
produces  an  overproduction  of  creosote  oil.  The  creosote  produced  in 
this  country  being  a  by-product  and  there  being  a  demand  so  much 
in  excess  of  the  production,  makes  the  manufacturers  of  creosote  oil 
peculiarly  arbitrary,  more  so  than  the  manufacturers  of  any  other 
materials  with  whom  we  have  to  deal.  They  simply  say,  "there  is  the 
creosote,  and  if  one  does  not  take  it,  another  will,  without  any  regard 
to   the   quaHty." 

The  question  of  the  preservative  is  so  highly  important  that  we 
cannot  afford  to  take  everything  thit  is  produced  and  spend  money 
and  time  in  attempting  to  bring  about  a  long-life  timber.  No  restric- 
tion has  ever  been  placed  on  creosote  oil.  This  specification,  from 
Mr.  Curtis'  statement,  might  produce  a  hardship,  yet  we  can  get  more 
oil  in  England  to  replace  the  oil  that  is  being  cut  out  in  this  country, 
and  we  can  obtain  oil  similar  to  that  used  seventy-five  years  ago  that 
preserved  timbers  from  thirty-five  to  forty  years.  That  is  not  very 
patriotic,  to  be  sure,  but  a  wholly  economic  condition  is  involved  and 
being  non-patriotic  to  that  extent  is  warranted,  because  we  are  pre- 
serving our  forests  in  doing  it.  The  Association,  in  adopting  this 
specification,  is  adopting  a  specification  which  is  not  rigid,  not  as  rigid 
as  it  eventually  will  be,  when  we  treat  all  of  our  timber  with  creosote, 
and  we  want  to  get  now  as  good  creosote  oil  as  can  be  obtained — 
we  do  not  want  to  take  too  many  chances.  Every  time  you  do 
creosoting  you  are  taking  a  chance,  and  we  want  to  hmit  the 
taking    of    a    chance    to    a    minimum.      I    do    not    think    there    will    be 
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any   mistake   made    in    adopting    tliis    comparatively   lenient   specification. 

Mr.  A.  L.  Kammercr  (Rock  Island-Frisco  Lines)  : — The  specifica- 
tion as  it  now  stands  is  the  result  of  considerable  study  and  investi- 
gation. It  is  now  generally  conceded  that  the  best  practice  in  timber 
preservation  calls  for  an  oil  that  is  comparatively  free  from  low-boiling 
constituents.  Mr.  Curtis,  in  his  remarks,  stated  that  in  his  intjuiry  as 
to  the  number  of  plants  whose  oil  would  comply  with  this  specification, 
of  the  total  number  only  three  stated  that  their  oil  would  fall  com- 
pletely within  this  specification.  It  seems  to  me  that  it  would  be  a 
much  fairer  way,  rather  than  saying  three  of  the  total  number,  to  ex- 
press it  in  terms  of  gallons.  The  three  particular  plants  he  refers  to 
represent  almost  one-half  of  the  total  oil  consumption  of  this  countr\'. 
It  may  be  difficult  at  present  to  obtain  creosote  oil  in  this  country  in 
accordance  with  this  specification.  The  roads  that  1  am  connected 
with — Rock  Island,  Frisco,  Chicago  &  Eastern  Illinois  and  the  Santa 
Fc — have  no  great  difficulty  in  getting  their  supply  of  oil  under  speci- 
fications practically  the  same  as  this  one.  These  four  railroad  com- 
panies consume,  annually,  about  20,000,000  gallons,  representing  a  large 
portion    of    the    oil    consumption    of    this    country. 

In  regard  to  the  elimination  of  the  low-boiling  cor.stituents  of 
creosote  oil  in  the  specification,  Messrs.  Von  Schrenk,  Fuiks  and  my- 
self, in  our  laboratory  at  St.  Louis,  have  conducted  extensive  experi- 
n^ents  to  ascertain  whether  or  not  these  low-boiling  constituents  re- 
main in  the  treated  timbers  after  exposure.  We  have  examined  a 
great  number  of  creosoted  specimens,  both  in  this  country  and  in 
Europe,  which  have  given  service  twenty-five  years  or  more.  The 
analysis  of  all  the  oils  extracted  from  these  samples  shows  a  total 
absence  of  the  low-boiling  constituents,  and  the  natural  conclusion  is 
that  the  long  life  of  these  old  timbers  is  due  to  the  presence  of  the 
heavy  high-boiling  constituents  of  the  original  oil  which  are  at  present 
found   in   them. 

About   two  years  ago   we  took   an   oil  having   the   following   analysis: 

Specific   gravity   at   38   degrees   C 1045 

Fractions  distilling  below  210  to  235   degrees 23.3 

'■       235         270  24.1 

"       270        315  17-5 

"       315        355  •■    I7-I 

Residue     15.5 

A  considerable  portion  of  this  oil  was  exposed  in  a  vessel  to  the  open 
air.  After  one  year,  it  was  found  that  41^  per  cent,  had  disappeared, 
90  per  cent,  of  which  was  the  portion  boiling  below  235  degrees.  Sev- 
eral ties  were  treated  with  this  same  oil  and  exposed  to  the  weather 
for  one  year.  The  oil  remaining  was  extracted  and  examined  with 
the  result  that  25  per  cent,  was  found  to  have  disappeared.  At  about 
the  same  time  we  conducted  another  experiment  to  determine  this  dis- 
appearance   of   the    low-boiling   oils. 
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The  American  Telegraph  &  Telephone  Company  removed  five 
telegraph  poles  from  their  lines  in  the  neighborhood  of  Norfolk,  Va., 
and  sent  them  to  our  laboratory  for  examination.  These  poles  were 
treated  and  placed  in  position  in  1897.  They  had  been  in  service 
about  nine  years  when  we  examined  them.  The  original  oil  with 
which  they  were  treated  was  an  oil  very  high  in  low-boiling  con- 
stituents. It  had  50  per  cent,  boiling  below  235  degrees.  Our  ex- 
amination of  the  oil  extracted  from  these  poles  showed  that  57.1  per 
cent,  had  disappeared   from  the  tops  and  35.5  per  cent,   from  the  butts. 

These  experiments  conclusively  prove  that  nearly  ail  low-boiling 
oil  is  used  in  the  treatment  of  timbers,  and  a  very  large  per  cent,  of 
the  portion  boiling  below  270  degrees  disappears.  The  present  specifi- 
cation was  drawn  up  having  these  facts  in  mind.  While  it  may  appear 
somewhat  rigid,  and  the  American  manufacturers  may  claim  that  they 
cannot  live  up  to  it,  there  is  no  doubt  that  with  a  little  pressure  the 
present  American  product  can  be  made  to  closely  approximate  the 
requirements    of    this    specification. 

The  President : — As  Mr.  Curtis  cannot  be  here  this  afternoon,  he 
desires  to  make  a   statement. 

Mr.  W.  W.  Curtis : — I  persuaded  the  court  to  excuse  me  this 
morning  from  a  hearing  in  which  I  was  testifying,  in  order  that  I 
might  be  present  here.  Possibly  some  of  you  may  misunderstand  my 
position.  I  have  absolutely  no  interest  in  the  creosote  business, 
either  in  buying  or  selling.  I  have  simply  called  the  attention  of 
the  Association  to  these  conditions  because  I  think  you  ought  to 
know  about  them  as  a  matter  of  information.  I  have  no  objection  to 
the  specification  whatever  as  submitted.  I  see  the  possibility  of  some 
commercial  difficulty  for  you  if  it  is  adopted.  I  hope  to  see  that 
specification  ultimately  adopted,  but  my  judgment  is,  it  is  not  wise 
to   adopt    it    this    year. 

(Afternoon    session.) 

The  President: — The  question  is  on  the  adoption  of  conclusion  4, 
relating  to  the  specification  for  coal-tar  creosote.  The  Secretary  will 
read   the   specification. 

The  Secretary : — "Standard  Specification  for  Coal-Tar  Creosote. — 
The  oil  used  shall  be  the  best  obtainable  grade  of  coal-tar  creosote ; 
that  is,  it  must  be  a  pure  product  of  coal-tar  distillation  and  must 
be  free  from  admixture  of  oils,  other  tars  or  substances  foreign  to 
pure  coal  tar ;  it  must  be  completely  liquid  at  thirty-eight  (38)  degrees 
Centigrade,  and  must  be  free  from  suspended  matter ;  the  specific 
gravity  of  the  oil  at  thirty-eight  (38)  degrees  Centigrade  must  be 
at  least  1.03.  When  distilled  according  to  the  common  method,  that 
is,  using  an  eight  (8)  ounce  retort,  asbestos  covered,  with  standard 
thermometers,  bulb  one-half  (J/2)  in.  above  the  surface  of  the  oil. 
the  creosote,  calculated  on  the  basis  of  the  dry  oil,  shall  give  no 
distillate  below  two  hundred  (200)  degrees  Centigrade,  not  more  than 
five    (5)    per   cent,    below    two   hundred    and    ten    (210)    degrees    Centi- 
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grade,  not  more  than  twenty-five  (25)  per  cent,  below  two  hundred 
and  thirty-five  (235)  degrees  Centigrade,  and  the  residue  above  three 
hundred  and  fifty-fi\e  (355)  degrees  Centrigrade,  if  it  exceeds  five  (5) 
per  cent,  in  quantity,  must  be  soft.  The  oil  shall  not  contain  more 
than   three    (3)    per   cent,   water." 

Mr.    Kuehn : — I    move    that   the    specifications    be    adopted. 

Mr.  W.  F.  Goltra  (New  York  Central  Lines)  : — The  percentages 
which  are  given  here  are  meaningless,  unless  the  distilling  vessel 
is  more  accurately  described.  "An  eight-ounce  retort"  is  an  indefinite 
description  and  is  interpreted  variously  by  different  dealers.  Usually, 
it  is  understood  to  mean  that  the  bulb  part  of  the  retort,  when  the 
latter  is  placed  at  proper  angle  for  distillation,  is  to  hold  eight  ounces 
of  oil.  These  retorts  vary  in  size,  shape  and  especially  in  the  size  of 
the  neck,  so  that  it  is  difficult  to  obtain  uniform  results  with  different 
kinds  of  "eight-ounce  retorts."  The  influence  of  the  vessel  on  the 
fractional  distillation  of  creosote  is  very  great.  Oil  tiiat  would  meet 
this  specification  when  analyzed  with  an  eight-ounce  retort,  would  not, 
in  most  instances,  fulfill  the  specifications  if  analyzed  with  the  Hempel 
distilling  flask,  or  three-bulb  Ladenburg  flask.  It  is  true  that  a 
much  more  accurate  analysis  can  be  obtained  with  cither  of  these 
two  instruments  than  with  the  eight-ounce  retort,  but  it  involves 
a  great  deal  more  work.  Analysis  made  with  the  eight-ounce  retort 
is  more  simple  and  perhaps  better  adapted  to  plant  operations,  where 
a  fine  laboratory  test  is  not  required.  The  use  of  eight-ounce  retorts 
was  suggested  by  the  tar  distillers,  because  it  is  used  by  them  to 
make  rough  tests  at  the  works.  We  should  have  a  more  definite 
description  of  the  distilling  vessel  and  other  apparatus  used  in  making 
analysis   of  creos.ote    oil. 

I  desire  to  raise  another  question.  It  is  my  opinion  that  these 
specifications  are  too  rigid.  Very  little  of  the  creosote  oil  manufac- 
tured in  this  country  would  fulfill  this  specification,  so  far  as  the 
percentages  of  light  oil  or  naphthalene  is  concerned.  It  is  claimed  that 
the  light  oil  evaporates  and  leaves  no  resultant  in  the  tie.  Therefore, 
the  smaller  the  percentage  of  light  oil  the  better,  and  it  is  proposed 
that  not  exceeding  25  per  cent,  distillate  will  be  given  off  below  235 
degrees  Centigrade.  Most  of  the  oil  which  I  have  come  across  con- 
tains more  light  oil  than  allowed  by  the  proposed  specification.  The 
more  we  restrict  the  percentage  of  light  oil  the  higher  will  be  the 
prices,  as  it  curtails  the  available  supply.  Our  specifications  should 
conform  to  nearly  what  is  produced  and  sold  on  the  American  market, 
and  not  attempt  to  make  the  oil  fit  our  specification,  but  rather  make 
our  specification  fit  the  oil.  We  can  make  a  shoe  fit  the  foot,  but 
we  cannot  make  a  foot  fit  the  shoe.  In  brief,  I  think  our  specification 
should  be  changed  so  as  to  read,  "not  more  than  30  per  cent,  below 
235  degrees  Centigrade,"  instead  of  25  per  cent.  This  would  more 
nearly  fit  the  oil   that   we  find  on   the   market,   and  if  our   specification 
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is  too  rigid  it  will  exclude  a  great  part  of  the  supply,  consequently- 
increasing  the  cost  of  oil   correspondingly. 

Mr.  A.  L.  Kuehn : — The  standard  method  and  description  of  ap- 
paratus was  adopted  last  year,  which  can  be  seen  by  reference  to 
the  report,  or  to  the  Manual.  The  specifications  are  not  too  rigid; 
the  gentleman  is  mistaken.  The  whole  question  is  a  question  of  eco- 
nomics. Granting  that  the  price  of  creosote  oil  was  increased  by 
such  a  specification,  the  cost  would  be  more  than  made  up  by  the 
increased  life  of  the  timber.  I  know  of  cases  where  timber  has  been 
treated  with  creosote  oil  where  50  to  60  per  cent,  of  the  creosote 
has  disappeared  within  a  year.  That  kind  of  creosote  we  certainly 
do  not  want  to  use. 

Mr.  Goltra : — I  would  like  to  ask  Mr.  Kuehn  how  he  knows,  or 
on  what  he  based  his  statement,  that  oil  which  has  evaporated  has 
not  left  any  good   results   in   the   tie? 

Mr.  A.  L.  Kuehn :— I  do  not  know;  but  may  I  ask,  in  return,  liow 
you    know    that    it    has? 

Mr.  Goltra : — We  do  not  know  to  a  certainty.  It  is  possible  10 
believe  lliat  the  oil  which  has  volatilized  from  the  timber  has  created 
an  antiseptic  environment,  which  has  been  a  potent  factor  in  preserving 
the   wood. 

Mr.  A.  L.  Kuehn : — You  made  the  statement  that  you  might  want 
a  light  oil.  I  have  more  ground  for  saying  that  the  light  oil  has 
not  done  any  good  than  you  have  for  saying  that  it  has,  because 
the  light  oil  actually  disappears,  and  timber  which  has  been  treated 
with  heavy  oil  has  given  the  best  results.  The  light  portion  of  the  oil 
is  the  naphthalene,  very  volatile,  and  is  that  portion  which  disappears. 
There  is  another  answer  that  I  can  make  to  the  query  of  the  gentle- 
man, that  is,  that  the  seventeen  members  of  this  Committee,  among 
whom  are  men  who  have  had  the  longest  experience  with  creosoted 
timber  in  the  United  States,  and  one  of  whom  is  thoroughly  con- 
versant   with    European    results,    agree    that    we    want   heav}'    creosote. 

Mr.  E.  H.  Bowser  (Illinois  Centra!)  : — This  specification  is  cer- 
tainly a  very  fine  specification  for  oil,  but  several  railroads  I  know 
of  are  getting  oil  with  a  distillation  of  30  per  cent,  at  235  degrees; 
and  I  do  not  think  5  per  cent,  added  to  the  specification  prepared  by 
the  Committee  will  cut  much  figure.  In  most  of  our  oil  w^e  do  not 
get  a  distillation  of  more  than  25  per  cent. ;  more  often  it  comes 
several  degrees  under.  In  the  older  specifications  for  oil  it  was  almost 
invariably  the  custom  lo  allow  45  per  cent,  of  naphthalene  in  the  oil. 
That  would  mean  50  to  55  per  cent,  of  distillation  up  to  235  degrees. 
I  know  the  Louisville  &  Nashville  specifications  at  one  time  allowed 
as  much  as  75  per  cent.  I  do  not  think  we  ought  to  make  such  an 
extreme  jump  in  the  change  of  specifications  for  oil.  I  believe  it 
ought  to  be  changed  to  30  per  cent.  In  most  cases  we  will  get 
below   it. 
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Mr.  Goltia: — I  agree  with  the  last  speaker,  that  we  ought  to  add 
to  this  specification  a  clause  permitting  the  allowance  of  five  points 
variation  in  the  percentages  so  that  oil  will  pass  under  specifications 
that  require  not  exceeding  35  per  cent,  distillate  passing  off  at  235 
degrees. 

Mr.  Bowser : — I  move  that  the  specification  be  changed  to  read,  "30 
per  cent,  of  oil  distilled  up  to  235  degrees  Centigrade,"  instead  of  25 
per   cent. 

Mr.  L.  C.  Fritcli  (Illinois  Central)  : — I  would  like  to  ask  the 
Committee  how  mucli  difference  in  price  this  would  make  in  the  cost 
of   creosote    oil? 

Mr.  A.  L.  Kuehn : — I  am  not  able  to  answer  that  definitely,  but 
I   am  of  the   firm  belief   it   will   not   make   any    difference. 

(Mr.    Bowser's    motion    was    lost.) 

The  President : — The  question  is  now  upon  the  specification  as 
given    in   the    report. 

(Motion   to   adopt   the   specification   carried.) 

The  Secretary: — "(5)  There  should  be  a  standard  temperature  at 
which  coal-tar  creosote  is  measured.  The  temperature  of  100  degrees 
Fahrenheit  as  given  in  the  report  is  recommended. 

"(6)  It  is  essential  that  timber  should  be  properly  grouped  in 
order  that  a  successful  treatment  may  be  obtained.  The  species,  pro- 
portion of  heartwood  and  sapwood,  condition  of  the  timber  with  respect 
to  its  moisture  content,  and  the  wood  structure,  will  in  general  deter- 
mine this  grouping. 

"(7)  It  is  desirable  to  air-season  timber  in  order  to  prepare  it 
for  treatment.  Most  woods  can  best  be  treated  after  being  air-sea- 
soned." 

Mr.  A.  L.  Kuehn : — I  move  the  adoption  of  the  conclusions  of 
the   Committee   as   a   whole. 

Mr.   L.   C.   Fritch : — I    second   the  motion. 

(Motion   carried.) 

The  President : — The  Committee  on  Wood  Preservation  will  be 
relieved,  with   the   thanks   of   the   Association. 


REPORT   OF  COMMITTEE   NO.   II— ON   BALLASTING. 

(Bulletin  107.) 
To  the  Members  of  the  American  Raihvay  Engineering  and  Maintenance 
of  Way  Association 

Your  Committee  on  Ballasting  begs  to  submit  the  following  report: 

Two  meetings  were  held  at  the  Association  rooms  in  Chicago,  the 
first  on  September  ii,  1908,  Messrs.  John  V.  Hanna,  C.  A.  Paquette, 
F.  J.  Stimson,  A.  W.  Thompson  and  W.  Beahan  being  present,  and 
the  second  on'  November  13,  1908,  at  which  Messrs.  John  V.  Hanna, 
C.  A.  Paquette,  F.  J.  Stimson,  G.  D.  Hicks,  W.  Beahan  and  W.  J. 
Bergen   were   present. 

At  the  meeting  of  September  11,  sub-committees  were  appomted 
for  the  purpose  of  gathering  data  and  preparing  a  report  on  customary 
recommended  practice  for  preparation  and  delivery  of  various  kinds 
of  ballast;  also  advantages  and  disadvantages  of  various  types  of  bal- 
last.    These    sub-committees    were   as    follows: 

Sub-Committee  A— Crushed  Rock:  A.  W.  Thompson,  Chairman; 
J.   B.   Dickson,   C.   A.   Paquette. 

Sub-Committee    B—Slag:    B.    C.    Milner. 

Sub-Committee  C— Gravel  (Bank  and  Washed):  F.  J.  Stimson, 
Chairman;   W.  Beahan,   W.  J.   Bergen,  C.   A.   Paquette,  H.  O.   Carman. 

Sub-Committee  D— Chats:    G.  M.  Walker,  Jr.,  Chairman;  A.  F.  Rust 

H.  E.  Hale. 

Sub-Committee  ¥.— Cementing   Gravel  and   Chert:     G.   D.   Hicks. 

Sub-Committee  ¥— Disintegrated  Granite:    W.  C.   Smith. 

At  the  meeting  held  November  13,  Sub-Committees  A,  C,  D  and 
E  reported,  and  the  report  of  the  General  Committee,  as  here  pre- 
sented,  is   principally  their  work. 

The  Committee's  previous  report  (see  Proceedings,  Vol.  9,  p.  307) 
was  confined  to  consideration  of  a  revised  section  for  crushed  rock  bal- 
last, the  Committee's  recommendation  being  adopted  by  the  conven- 
tion  (see  Proceedings,  Vol.  9,  p.  312)- 

The  Committee  at  this  time  wishes  to  submit  new  definitions  for 
gravel  and  sand,  to  take  the  place  of  those  heretofore  recommended 
and  published  in  the  Manual   (see  1907  Edition,  p.  39)- 

Primarily  it  occurs  to  your  Committee  that  a  more  specific  defini- 
tion is  necessary.  When  it  comes  to  the  execution  of  contracts  for 
washed  or  screened  gravel,  or  the  erection  of  a  company  plant  for  that 
purpose,  the  sizes  of  the  particles  to  be  retained  or  rejected  are  matters 
of  importance,  and  it  is  certainly  desirable  to  have  some  definite  stand- 
ard  as    a   guide.     Your    Committee    considers    that    it    comes    within    its 
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province  to  suggest  and  recommend  such  standards  so  far  as  ballasting 
practice  is  concerned,  and,  in  order  to  do  so,  wishes  to  cover  it  by 
definitions. 

The  definitions  adopted  state  that  gravel  is  coarser  than  sand  and 
that  sand  is  finer  than  gravel,  but  fail  to  establish  any  limit  of  size,  be- 
low which  worn  fragments  of  rock  cease  to  be  gravel  and  become 
sand.  This  limit,  of  necessity,  is  an  arbitrary  one  and  probably  will 
vary  with  the  use  to  which  the  material  is  to  be  put.  To  the  end  of 
determining  a  definite  demarcation  between  gravel  and  sand,  when  used 
as  ballast,  material  from  a  number  of  pits  was  passed  through  screens 
with  meshes  of  various  sizes.  It  was  found  that  all  the  particles  re- 
tained on  a  No.  lo  screen  were  of  a  size  that  could  not  be  reasonably 
termed  sand.  It  was  also  found  that  of  the  material  which  passed 
a  No.  lo  screen,  all  which  was  retained  on  a  No.  50  screen  was  coarse 
enough  to  be  termed  sand,  while  anything  which  passed  the  No.  50 
screen  was  so  fine  as  lo  be  merely  dust. 

Therefore  your   Committee   rcconnnciids   the   substitution   of  the   fol- 
lowing  definitions  : 
Gr.wei.. — Small    worn    fragments   of    rock    occurring    in    natural    deposits 

that  will  pass  through  a  2'/-2-in.  ring  and  be  retained   upon  a   No.   10 

screen. 
*Sanii. — Any  hard  granular  comminuted   rock  material,  finer  than   gravel, 

wliich  will  be  retained  upon  a  No.  50  screen. 

TREPARATION    AND    DELIVERY   OF   BALLAST. 

CRUSHED     ROCK. 

Your  Committee  was  at  first  in  some  doubt  as  to  the  best  way 
to  present  this  part  of  the  general  subject  of  ballasting,  but  concluded 
that  it  could  best  be  done  by  describing  some  actual  plants  that 
seemed  to  be  examples  of  good  practice.  The  Hog  Mountain  plant 
of  the  Lackawanna,  description  of  which  has  been  furnished  by  Mr. 
Lincoln  Bush,  Chief  Engineer  of  that  road,  has  seemed  to  the  Com- 
mittee  such   an   example : 

"Early  in  1905  our  company  acquired  by  purchase  near  Boonton, 
N.  J.,  a  granite  quarry  and  crusher  plant,  together  with  other  equip- 
ment in  the  way  of  cars,  machinery,  etc.,  that  were  utilized  by  a  con- 
tractor in  connection  with  the  construction  of  a  large  masonry  dam 
for  a  reservoir.  This  work  having  been  completed  by  the  contractor, 
the  Lackawanna  Railroad  Company  acquired  about  three  miles  of  rail- 
road running  from  its  main  line  to  the  quarry  plant,  together  with 
about  fifty-six  acres  of  ground,  tracks  at  crusher  plant,  etc.  In  adapt- 
ing this  plant  to  our  use  and  rearranging  the  tracks  and  crusher  lay- 
out  to  meet   our   requirements,   we   expended   at   the   outstart   $21,904.33, 


♦Amend  definition  to  read:  "Sand. — Any  hard  granular  comminuted  rock 
material  which  will  pass  through  a  No.  10  screen  and  be  retained  upon  a 
No.  50  screen." 
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and  sold  from  the  contractor's  outfit  certain  equipment  not  required 
by  us,  which  sale  netted  us  $18,159.31,  making  the  net  cost  to  us  of 
the  quarry  and  plant  at  the  time  we  started  operating  the  crusher 
$26,245.02. 

"The  material  obtained  from  this  crusher  plant  is  a  very  good 
quality  of  New  Jersey  granite,  weighing  2,795  'bs.  to  the  cubic  yard  of 
crushed   stone. 

"The   quarry   was    well    opened    up    when    we    acquired    it    from    the 
contractor,   and   the    face   of   the   quarry  has   a   depth   of    from   20   to   60 
ft.  and  a  length  of  about  2,200  ft.     The   stripping  on   top   of  the  quarry 
will   average   about   2^    ft.     The    crusher    machinery    was    manufactured 
by  the  Allis-Chalmers  Company,  and  consists  of  one  No.  8  and  one  No. 
6  crusher,   with  a  large  bucket  conveyor   for  conveying  the  broken   stone 
from    the   crusher    to   the    screens.     There    is    one    large   48-in.    diameter 
screen,  consisting  of   three   sections,   each   4   ft.   in   length,   with   ringings 
from  H-in-  to  2^  in.  in  diameter  and  a  dust  jacket  for  separating  the 
materials.     Materials    which    pass    through    the    ^-in.    ringing    are    not 
used    for    track    ballast.      The    ballast    product    is    conveyed    on    a    Rob- 
bins    Belt    Conveyor    and    deposited    into    a    system    of    bins;    the    finer 
material   and   dust   pass   directly   over   the   dust   jacket   into   the   dust   bin. 
The  percentage  of  fine  materials,  i.   e.,  dust  and   ^4-'"-   stuff,   runs   from 
12  per  cent,  to   14  per  cent,  of  the  total  output.     The  grades  of  tracks 
at   the  crusher  plant   are   so  arranged   as   to   handle   the   cars   after  being 
placed   by   gravity.     There    is    a   powder   magazine   located   on    the   prop- 
erty  which    has    a    storage   capacity    for    about   ten   tons    of  powder    and 
explosives.     There  is  also  a  water  system  for  the  boilers  and  a  sprink- 
ling  plant   to   keep    down   the   dust.      The   maximum   grade   of   the   track 
connecting    our   main    line    with    the   quarry    is   3    per   cent,    ascending   to 
the  quarry,   and  in  handling  our  ballast  we  have  been   utilizing  a  loco- 
motive  which   will   handle   fourteen   empty    Rodger   ballast    cars    up   this 
3   per  cent,   grade.     The   larger  part  of   the   stone  is   handled   from   the 
quarry  to  the  crusher  plant  by  means  of  a  derrick  system,  the  face  of 
the  quarry  being  located  quite  close  to  the  crusher  plant.     We  have  in 
use    six    large    derricks    with    90-ft.    masts,    which,    with    six    hoisting 
engines    operated    in    connection    with    the    derrick    system,    handle    the 
stone   in    large    stone   boxes.     The    stone    is    quarried    from    the    top    of 
the   face  by    a   stepping   system.     To   pass    into    the    No.    6   crusher   the 
stone  has  to  be  broken  up  in  sizes  from   16  in.  to  20  in.     The  breaking 
of    the    material    is    done    with    a    system    of    block    hole    drills,    placing 
holes  from  6  in.   to   12  in.   apart,   depending  upon  the  size  of  the   stone 
to   be   broken.      We    use    from    three   to    six    block    hole    drills    per    day 
in   breaking   up    the    larger    stone   and    some    of   the    smaller    stones    are 
sledged  instead  of  being  block   holed.     In   addition   to   the   derrick   sys- 
tem at  this  plant  we  also  have  a  car  system,  by  means  of  which   cars 
loaded    with  .  stone    from    the    quarry    are    dropped    by    gravity    to    the 
crusher.     These  cars  have  from  12  to  16  yards  capacity,  and  when  the 
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cars  reach  the  crusher  plants  are  dumped  by  one  of  the  derricks.  The 
bottom  of  these  cars  is  constructed  of  wood  and  metal,  with  a  chain 
attached,  and  the  false  bottom  of  the  car  is  picked  up  on  one  end  by 
the  derrick,  and  the  stone  dumped  by  this  means  without  manual 
handling.  After  the  cars  have  been  dumped  at  the  crusher  they  are 
returned  to  the  quarry  by  a  haulage  system,  operated  by  a  hoisting 
engine.  The  stripping  from  the  top  of  the  quarry  is  disposed  of  by 
piling  it  back  from  the  face  of  the  quarry.  In  operating  the  quarry 
and  crusher  we  have  employed  an  average  of  125  men,  including  rock 
men,  drill  men,  engineers,  mechanical  men  and  laborers  required  at 
the  quarry  and  crusher.  We  employ  two  blacksmiths  for  handling  the 
drill  work  and  a  pipefitter  for  taking  care  of  the  steam-pipe  system  and 
steam  drills.  One  mechanical  foreman  with  the  necessary  help  has 
charge  of  the  crushing  plant  and  one  general  foreman  has  charge  of 
the  quarry.  One  engineer  handles  the  engine  in  the  crusher  plant  and 
one  fireman  does  the  firing.  We  also  utilize  a  150-H.P.  boiler  for  gen- 
erating steam  for  the  drills,  and  in  addition  to  this  we  have  two  150- 
H.P.  boilers  for  furnishing  the  balance  of  power  for  the  derricks  and 
at  the  crushers. 

"We  started  operating  the  quarry  and  crusher  plant  in  May,  1905, 
and  I  am  enclosing  detailed  monthly  statements  of  the  cost  of  opera- 
tions at  this  plant  from  May,  1905,  to  August,  i9o5,  both  inclusive. 
(See  tabulated  statement  on  page  682.)  The  plant  was  shut  down  on 
January  15,  1906,  and  operations  resumed  in  March,  1906.  The  de- 
tailed statements  of  the  cost  of  quarrying  and  crushing  stone  at  this 
plant  have  been  carefully  kept  and  are  reliable  as  to  the  cost  as  well 
as  the  output.  The  cost  includes  the  quarrying  and  crushing,  and  in- 
cludes the  material  loaded  on  cars  at  the  bins. 

"The  tabulated  statement  on  page  .682  shows  the  total  output 
from  May,  1905,  to  August,  1906,  inclusive,  together  with  the  aver- 
age cost  of  quarrying  and  crushing,  including  the  materials  loaded  on 
cars   for  the   period  noted. 

"We  have  used  the  crushed  stone  from  this  plant  at  various  points 
along  our  line  on  the  Morris  and  Essex  Divisions,  and  during  the 
present  season  we  put  on  a  ballast  gang  for  ballasting  a  41/2-mile  sec- 
tion  of '  double  track   located   between    Hopatcong   and    Wharton,    N.    J. 

"In  handling  the  ballast  on  this  4^-mile  section  we  had  an  aver- 
age of  31  laborers  at  14  cents  per  hour  per  day  of  10  hours  and  one 
foreman  at  $75  per  month.  In  addition  to  the  regular  ballast  gang 
we  had  eight  section  laborers  on  the  41/2-mile  section  that  were  em- 
ployed in  digging  out,  changing  ties,  placing  drain  tile  and  filling  for 
changes  in  alinement  and  easement  curves.  The  amount  of  ballast 
used  on  the  45/2-niile  section  of  double  track  was  28,458  yds.,  or  an 
average  of  6,324  yds.  per  mile  of  double  track.  The  average  distance 
which  the  ballast  was  hauled  from  the  crusher  to  the  section  ballasted 
was  thirteen  miles.  On  the  4j4-mile  section  of  track  ballasted  there 
was   a   total    length   of  curve   line   of    1.56   miles    and    a   total    length   of 
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tangent  of  2.94  miles.  We  used  in  this  work  24  Rodger  ballast  cars,  and 
in  figuring  the  cost  of  transportation  the  cars  were  placed  at  a  value 
of  $600  each.  Our  records  show  a  cost  of  55^2  cents  per  yard,  covering 
transportation  charges,  interest  on  the  Rodger  ballast  cars  valued  at 
$600  each  at  5  per  cent.,  plus  interest  at  5  per  cent,  on  the  net  invest- 
ment of  the  quarry  and  crusher  plant.  The  cost  for  quarrying,  crush- 
ing and  loading  cars  at  the  crushing  plant  was  55  cents  per  yard ;  the 
cost  of  placing  ballast  under  track,  including  lining,  surfacing  and 
dressing,  was  205^  cents  per  yard,  making  a  total  cost  per  yard  of  the 
ballast  in  the  track  of  81  cents  for  the  4^-mile  section  above  described. 

"On  the  west  end  of  our  Buffalo  Division  we  have  an  accurate 
record  of  the  cost  of  27,120  yds.  of  crushed  limestone  ballast  put  in 
on  a  stretch  of  double  track  during  the  season  of  1906.  For  this  work 
we  purchased  the  crushed  stone  delivered  to  us  in  our  own  Rodger 
ballast  cars  at  an  average  cost  of  $0.6017  per  cu.  yd.,  and  received  an 
average  of  222  cu.  yds.  per  day,  the  quarry  being  located  on  our  own 
lines.  Thirty  Rodger  ballast  cars  were  used  for  this  work  and  the 
average  haul  was  13.4  miles.  The  ringing  used  in  preparing  this  ballast 
was  from  54-in-  to  2^-in.  diameter  and  the  stone  weighed  2,410  lbs. 
to  the  yard.  As  above  stated,  we  received  on  an  average  222  cu.  yds. 
per  day,  and  a  larger  quantity  per  day  would  have  reduced  the  cos* 
per  yard  somewhat.  In  comparing  this  cost  with  the  cost  of  ballasting 
with  materials  obtained  from  the  Boonton  crusher  plant,  it  will  b; 
noted  that  the  ballast  on  cars  from  the  Boonton  plant  cost  practically 
five  cents  per  yard  less  than  the  material  used  on  the  Buffalo  Division. 
The  work  on  the  Buffalo  Division  cost  a  total  of  88.1  cents  per  yard 
in  track,  which  cost  included  the  material,  engine  service,  labor,  tie 
renewals,    and    spacing,    and    interest   on    ballast    car    equipment." 

The  plant  just  described  is  on  a  sufficiently  large  scale  for  con- 
tinuous, economical  working,  which  the  Committee  considers  good  prac- 
tice when  conditions  justify  it.  The  quantity  of  ballast  to  be  used, 
whether  limited  by  requirements  of  the  track  itself,  or  by  financial  con- 
siderations, may  be  so  small  that  a  large  plant  would  be  extravagant. 
Such  a  condition  must  be  met  by  a  plant  designed  to  fit  the  case,  in 
which  local  features  would  cut  a  large  figure.  After  some  discussion 
your  Committee  decided  that  descriptions  of  small  plants  would  not 
be  sufficiently  valuable  to  justify  the  space  occupied  and  they  are 
therefore    omitted.  . 

PIT    GRAVEL. 

The  procedure  in  preparing  gravel  for  ballast  varies  with  the 
nature  of  the  pit  and  the  use  to  be  made  of  the  ballast.  If  a  pit 
from  which  ballast  is  to  be  taken  is  submerged,  obviously  no  stripping 
is  necessary.  If  it  is  an  upland  pit,  however,  it  is  rarely  wise  to  omit 
the  removal  of  enough  surface  dirt  to  leave  only  material  as  good  as 
the  pit   will    furnish. 
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When  the  conditions  require  gravel  to  be  washed  or  screened  it 
will  still  be  found  wise  to  strip  most  upland  pits,  as  the  surface  dirt 
will  interfere  with   the  proper  gradation  of  the  material. 

Stripping. — In  general,  the  best  method  for  removing  the  waste 
material  is  to  use  a  steam  shovel,  loading  the  material  into  cars  and 
using  it  to  widen  embankments.  When  the  depth  of  stripping  is  too 
shallow  to  permit  the  economical  use  of  a  steam  shovel,  teams  with 
scrapers  can  be  used  to  windrow  the  strippings,  using  a  steam  shovel 
to    load    the   windrows. 

The  cost  of  stripping  a  gravel  pit  with  a  steam  shovel,  using  the 
material  to  widen  embankments,  when  the  haul  does  not  exceed  twenty 
miles,  should  not  be  more  than  fifteen  cents  per  yard. 

Loading. — A  heavy  steam  shovel  with  a  dipper  holding  from  2^ 
to  35^2  yds.  makes  a  most  efficient  machine  for  loading  gravel.  Too 
great  stress  cannot  be  laid  upon  the  advisability  of  having  a  shovel 
which  has  a  large  surplus  of  strength  in  all  its  parts,  as  economy  in 
maintenance  and  in  the  operation,  resulting  from  lessening  the  loss  of 
time  occasioned  by  stopping  for  repairs,  is  very  great.  Center  dump 
cars,  which  deposit  the  material  where  it  can  be  used  without  any 
casting  with  shovels,  are  most  economical,  the  larger  the  capacity  of 
the  cars  the  better. 

In  connection  with  the  center  dump  cars,  ballast  spreaders  mounted 
under  a  flat  car  are  a  necessity.  The  practice  of  placing  a  tie  or 
like  obstacle  in  front  of  the  wheels,  allowing  them  to  skid  while  the 
ballast  is  being  pushed  out  of  the  way,  is  a  bad  practice,  resulting  in 
flat  wheels,  as  well  as  loss  of  time  in  distribution  of  the  ballast. 
Where  only  a  small  amount  of  ballast  is  to  be  handled,  a  device  which 
>ill  be  mounted  by  the  wheels  and  will  itself  slide  on  the  rails  can 
oe  used  to   good   advantage. 

Where  only  a  very  small  lift  or  none  at  all  is  to  be  made,  a  great 
saving  in  time  of  applying  the  ballast  can  be  made  by  the  use  of  a 
distributing  plow,  which  plows  out  the  ballast  close  to  the  tops  of  the 
ties. 

In  most  cases  it  will  be  found  best  to  organize  a  crew  at  the  pit 
in  charge  of  an  able,  experienced  conductor,  who  will  do  all  of  the 
spotting  of  cars  at  the  shovel,  and,  to  a  certain  extent,  take  charge 
of  the  movement  of  the  other  trains  in  the  gravel  service  to  the  vari- 
ous  distributing  points. 

Cost. — It  is  impractical  to  give  any  approximation  of  the  cost  of 
preparing  the  gravel  pit  for  operation,  as  local  conditions  will  govern 
this  entirely.  The  cost  of  loading  the  gravel  depends  upon  three  con- 
ditions : 

(i)     The    size    and    efficiency   of   the    shovel. 

(2)  The   depth  of  the  bank   from   which   gravel   is  being  loaded. 

(3)  The  supply  of  cars  maintained  under  the  shovel  dipper. 

As  before  stated,  a  shovel  with  a  dipper  having  a  capacity  of  2i/$ 
to   3^   yds.   and  designed   with   a   large    surplus   of   strength   in    all    its 
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parts  makes  a  very  efficient  loading  machine.  Where  the  bank  is  lo 
ft.  or  more  in  depth  the  greatest  efficiency  of  the  shovel  should  be 
obtained.  Not  less  than  four  pitmen  should  be  used,  that  no  time  may 
be  lost  in  shifting.  Where  the  bank  is  less  than  lO  ft.  in  depth  it  will 
generally  be  found  that  the  frequent  shifting  of  the  shovel  will  materially 
reduce  the  output  of  gravel.  It  is  assumed  that  the  train,  service  is 
sufficient  to  keep  the  shovel  supplied  with  cars  in  order  to  make  use 
of    its    full    efficiency. 

With  the  above  conditions  obtaining,  from  2,000  to  2,500  cu.  yds. 
per  day  on  an  average  can  be  handled,  the  cost  of  which  will  be  ap- 
proximately $0,025  per  yard  based  on   the   following  rates   of  pay: 

I  Train    Engincman     $  4.85 

I  Train     Fireman     2.75 

1  Conductor    4.85 

2  Brakemen     7.00 

I   Shovel    Engineer     4.80 

I   Shovel    Fireman    .• 2.70 

I  Cranesman      3.45 

I  Watchman      2. 10 

4  Pitmen    7.00 

Fuel,   Oil   and    Waste — Train    and    Shovel 1380 

Total      $53.30 

Distribution. — The  length  of  haul  regulates  entirely  the  question 
of  the  number  of  trains  and  the  number  of  cars  to  a  train  which 
should  be  used.  The  one  hard  and  fast  rule  should  be  that  the  best 
of  motive  power  be  furnished  for  this  service.  Generally  speaking,  for 
hauls  less  than  ten  miles,  one  train  in  addition  to  the  train  at  the  pit 
is  sufficient.  Above  ten  miles  and  under  thirty,  two  trains  on  the 
road  will  be  sufficient.  The  only  rule  that  can  be  stated  is  that,  to  get 
the  most  economical  handling  of  ballast,  to  provide  train  service  enough 
to  keep  the  shovel  well  supplied  with  empties  at  all  times.  Where  the 
haul  is  short  the  best  practice  is  to  put  into  one  train  only  so  many 
cars  as  can  be  handled  readily  by  the  engines  which  are  assigned  to 
that  service.  There  is  a  decided  loss  on  short-haul  work  where  more 
cars  are  put  into  a  train  than  can  be  dumped  without  difficulty  by 
the  engine. 

When  the  haul  is  long  all  the  cars  should  be  given  to  a  train  that 
can  be  moved  over  the  division,  and  enough  set  off  on  the  siding 
nearest  the  distributing  point  to  reduce  the  train  to  such  size  that  the 
engine  can  readily  handle  it  while  dumping.  This  applies  to  center 
dump  cars,  where  the  movement  of  the  train  when  being  unloaded 
is  very  much  harder  than  when  on  the  road.  In  some  cases  it  will 
be  found  economical  to  provide  a  train  for  the  purpose  of  taking  the 
loaded  cars  at  the  end  of  a  long  haul  and  unload  them.  It  frequently 
happens     that    unforeseen     delays     occur     during     the     unloading     which 
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will  seriously  cripple  the  through  movement  of  the  gravel  trains,  and 
on  very  long  hauls  the  unloading  train  can  be  economically  employed. 
The  cost  of  movement  from  the  pit  and  distributing  on  the  track 
depends  wholly  upon  the  length  of  the  haul  and  congestion  of  traffic. 
The  actual  time  consumed  in  distribution  with  center  dump  cars  is 
immaterial,  30  minutes  being  sufficient  time  for  the  unloading  of  a 
train   of   from  400   to   500  cu.   yds. 

WASHED    OR    SCREENED    GRAVEL. 

The  essential  features  of  a  plant  for  this  purpose  are : 

(i)  Positive  separation  of  material  into  definite  grades. 

(2)  Capacity  to  furnish  gravel  in  quantities  sufficient  for  economi- 
cal   use  as  ballast. 

(3)  Economical    operation. 

(4)  Economical  disposition  of  the  refuse,  both  boulders  and  fine 
material. 

To  fulfill  the  first  requirement  a  plant  must  be  so  designed  as  to 
separate  the  material  handled  into  dust,  sand,  gravel  and  cobbles  or 
boulders.  If  these  grades  are  not  separated  the  proper  proportion  of 
sand   and   gravel   necessary   for   the   best   results   cannot   be   obtained. 

In  distributing  ballast  on  track  it  is  obviously  necessary  to  produce 
the  gravel  in  large  eno.ugh  quantities  to  permit  the.  organization  of 
the  track  forces  on  an  economical  basis.  A  plant  which  will  produce 
gravel  at  a  cost  which  would  make  it  commercially  profitable  may  be 
too   small   to   produce   ballast   economically. 

That  the  screening  plant  must  produce  the  gravel  economically  is 
obvious. 

In  the  preparation  of  quantities  of  ballast  there  is  necessarily  pro- 
duced a  large  amount  of  mud,  sand  and  boulders  or  cobbles.  To 
work  successfully  a  plant  must  be  so  devised  as  to  dispose  of  thi; 
rejected  material.  The  stones  should  be  run  through  a  crusher  and 
returned  to  the  gravel  for  ballast,  not  only  increasing  the  output,  but 
improving    the    quality. 

Plants  for  the  washing  or  screening  of  gravel  naturally  divide 
into    two    types: 

(i)     Those    for   handling   material    from    submerged    beds   of   gravel. 

(2)     Those   for   handling    material    from    upland   gravel   banks. 

The  plant  of  the  Union  Sand  &  Material  Company,  South  Mem- 
phis, Tenn.,  is  a  typical  submerged  gravel-bed  washer,  and  the  Lake 
Shore  &  Michigan  Southern  plant  at  Pleasant  Lake  is  typical  of  the 
upland    washer. 

DESCRIPTION     OF     UNION     SAND     S:      MATERIAL     COMPANY'S     PLANT. 

The  equipment  used  to  get  this  gravel  from  the  river  is  a  fleet  of 
one  tug  and  six  barges,  with  a  capacity  of  between  250  and  300  cu. 
yds.  each;  one  dredge,  with  two  15-in.  centrifugal  pumps,  each 
equippe4  with  a  length  of  pipe  varying  from  30  ft.  to  75  ft.,  depending 
upon    the    depth    of    the    water.      These    suction    pipes    can    be    moved 


686 


BALLASTING. 


horizontally  and  raised  and  lowered  by  means  of  a  derrick  with  boom 
extending  out  from  the  front  of  the  dredge.  The  two  centrifugal 
pumps  can  load  a  barge  in  about  one  hour  and  ten  minutes,  and,  as 
the  average  distance  traversed  from  the  barge  to  the  plant  is  about  V/t 
miles,  the  tug  is  kept  busy  transporting  the  loaded  and  empty  barges. 
Figs.  I  and  2  show  dredge  in  operation  loading  into  barges.  Fig.  .3 
shows  a  view  of  the  washing  plant  and  Fig.  4  shows  a  section  of  a 
typical   plant. 

The  machinery  on  tliis  barge  was  furnished  by  the  Morless  Ma- 
chine Company  of  Baldwinsville,  N.  Y.  The  dredge  is  about  130  ft. 
long.  30  ft.  wide  and  heavy  construction.  The  barges  arc  130  ft.  by  30 
ft.  over  all. 


1"k;.    I.     Dkeuge   in   Oper.mtok   Loading   Gu.wel  into   Bakges. 


Second. — The  plant  consists  of  two  boilers,  furnishing  steam  to 
an  engine  with  I2j/2xi6-in.  cylinders.  This  engine  furnishes  power 
for  running  the  plant,  as  well  as  pumping  water  to  wash  the  gravel, 
of   which    about    1,500   gallons   per    minute    is   used. 

The  plant  proper  is  built  up  on  a  network  of  creosoted  piles, 
driven  down  well  into  the  bank  of  the  river.  These  piles  are  all  cut 
oflf  at  the  same  elevation  and  have  cribbing  placed  on  top  of  them, 
upon  which  the  plant  has  been  erected.  On  the  river  side  of  the 
plant,  where  the  four-leg  tower  has  been  erected,  which  supports  the 
overhead  carrier,  there  have  been  four  clusters  of  piles  driven  under 
each  leg.  This  overhead  carrier  hangs  at  an  angle  of  about  30  de- 
grees from  the  horizontal,  the  river  end  being  the  lower.  At  each 
end  of  this  carrier  there  are  a  number  of  pulleys,  upon  which  are 
operated  the  wire  cables   to   handle    the   5-yd.    clamshell   bucket. 

The  type  of  engine  used  to  operate  this  clamshell  bucket  is  the 
regular  four-drum  Lidgerwood.  One  man  operates  all  the  machinery 
connected   with   this   bucket. 
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The  river  end  of  the  overhead  trolley  system  extends  out  suffi- 
ciently from  the  river  to  enable  the  clamshell  to  be  lowered  directly 
over  the  barge  after  it  has  been  placed  in  front  of  the  plant  of  the  tug. 

The  overhead  trolley  system  is  placed  at  right  angles  to  the  river 
and  the  sand  and  gravel  is  transported  to  the  bins  by  simply  raising 
the  clamshell  until  it  comes  in  contact  with  the  hook  in  the  overhead 
trolley  system.  As  soon  as  the  contact  is  made  with  this  hook, 
motion  away  from  the  river  is  commenced  and  the  material  in  the 
bucket  can  be  dumped  at  any  point  desired  along  the  entire  length 
of   the  overhead    trolley,    this   being   at   the   command   of    the    engineer. 


Fig.  2.     Dredge  in   Oper.\tion   Lo.ading  Gravel  into  Barges. 


Third. — On  the  land  side  of  the  tower  supporting  the  overhead 
trolley  are  built  the  bins  for  the  receiving,  washing  and  storing  of  the 
various   kinds  of   sand    and   gravel   acquired. 

The  gravel  is  dumped  about  halfway  on  the  overhead  trolley  into 
a  large  hopper.  At  the  bottom  of  this  hopper  is  a  gate;  directly  under 
the  gate  is  a  belt  conveyor,  which  operates  over  concave  rollers.  In 
the  concave  belt  is  dropped  the  gravel  by  means  of  the  gate.  This 
conveyor  runs  at  an  angle  of  about  45  degrees  to  the  overhead  trolley, 
and  at  its  end  is  another  hopper  smaller  than  the  first  one,  but  worked 
in  the  same  manner,  over  which  all  of  the  gravel  is  carried  to  a  second 
belt    conveyor   of    the    same    character    as    the    first,    which    operates    at 
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right  angles  to  the  first  conveyor  and  deposits  the  gravel  as  it  comes 
from  the  barge  into  the  chute,  where  the  water  is  turned  on  the 
sand  and   gravel    for  the   first   time. 

The  gravel  then  is  washed  down  various  chutes  and  sluiceways 
and  over  different  mesh  screens  to  separate  the  finer  gravel.  As  the 
gravel  is  separated  by  this  different  mesh  screening,  it  is  carried 
through  by  means  of  sluice  boxes  to  the  proper  bin,  and  there  de- 
posited ready  to  be  loaded  into  the  cars  at  any  time.  This  is  done  by 
simply  opening  the  gates  placed  in  the  bottom  of  the  bins,  which  are 
built  sufficiently  long  and  with  a  sufficient  number  of  gates  to  load  an 
average  length  car  at  one  spotting.  Figs.  3  and  4  show  the  arrange- 
ment of  these  screens,  sluiceways  and   bins. 


Fig.  3.    View  of  Gravel  Washing  Plant. 


The  waste  water  carrying  the  sand  goes  through  a  large  box,  which 
has  an  outlet  near  the  top.  This  box  has  a  movable  bottom  and  as  the 
sand  goes  into  the  box  it  is  dumped  directly  into  the  bin. 

The  gravel  turned  out  may  contain  any  required  amount  of  sand. 
That  is,  one  kind  of  gravel  used  for  roofing  purposes  is  entirely  free 
from  sand  and  is  supposed  to  go  through  a  screen  that  has  a  mesh 
of  H-in-  to   ^-in. 
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The  gravel  that  goes  through  a  screen  from  i  in.  to  ^-in.  is  called 
binder  gravel,  and  is  used  for  building  purposes,  where  a  clean  gravel 
is    required. 
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Fig.  4.     Typical  Gravel  Handling  Plant. 

The  gravel  furnished  for  concrete  purposes,  where  it  has  not  been 
washed,  usually  contains  from  25  to  45  per  cent,  of  sand,  depending 
upon  the  order  given. 
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The  gravel  furnished  the  railroad  company  for  ballasting  tracks 
contains  from  25  to  35  per  cent,  sand  and  is  free  from  all  large  rocks 
or    foreign    material. 

The  track  facilities  consist  of  three  parallel  tracks,  each  of  which 
extends  sufficiently  far  beyond  the  bin  to  hold  six  cars.  If  only  one 
kind  of  gravel  is  being  loaded  at  a  time,  the  tracks  are  of  sufficient 
length  to  enable  30  cars  to  be  loaded,  but  it  is  necessary  for  the  switch 
engine  to  make  a  shift  of  cars. 

The  plant  is  operated  by  a  superintendent,  first  and  second  engineer, 
blacksmith  and  helper,  timekeeper  and  various  help  needed  around  the 
plant  and  on  the  barges.  This  force  is  exclusive  of  the  forces  cm- 
ployed  on  the  tug  and  on  the   dredge. 

The  tracks,  before  they  reach  the  plant,  have  been  built  up  on  a 
pile  trestle  for  a  distance  of  about  200  ft.  In  fact,  all  the  tracks 
around  the  plant  proper  are  supported  by  creosoted  pile  trestles. 

On  the  river  side  of  the  plant  there  has  been  a  pile  breakwater 
built  to  protect  the  plant  from  the  drift  coming  down  at  a  high 
stage  of  the   river. 

The  plant,  designed  by  Brennekc  &  Fay,  of  St.  Louis,  cost,  ready 
for  business,  approximately  $140,000,  and  the  life  of  it  is  expected  to 
be   15   years. 

The  maintenance  per  year  is  figured  at  from  2  to  5  per  cent,  of 
the  first  cost,  the  yearly  maintenance  varying  largely  on  account  of 
the  varying  conditions,  as  it  cannot  be  calculated  just  what  machinery 
will   have  to  be  replaced   during  the   year. 

Under  favorable  circumstances  the  capacity  is  from  2,000  to  2,500 
cu.  yds.  of  gravel  per  day  of  12  hours.  A  barge  of  250  cu.  yds.  or 
300  cu.  yds.   can  be   unloaded   in   from   50   minutes   to  one   hour. 

The  daily  output  of  the  plant  is  dependent  upon  good  working 
conditions  at  the  barge,  good  condition  of  machinery  at  the  plant,  and 
the  switching  facilities.  An  engine  is  constantly  kept  at  the  plant  for 
switching,  and  the  material  is  loaded  into  any  kind  of  gravel  or  ballast 
cars. 

PLEASANT    LAKE    PLANT    OF    THE    LAKE     SHORE     &     MICHIGAN     SOUTHERN 

RAILWAY. 

This  company  erected  a  plant  in  1905  operated  by  electricity,  located 
at  Rupel,  a  few  miles  south  of  South  Bend,  Ind.  The  company  put 
up  another  plant  in  1906  at  Pleasant  Lake,  a  short  distance  north  of 
Waterloo,  Ind.  This  plant  is  operated  by  steam.  As  this  form  of 
motive  power  is  more  general  in  availability,  it  is  the  one  illustrated 
in  this  report.  As  the  Rupel  plant  was  the  pioneer,  the  Pleasant 
Lake  plant  had  the  benefit  of  the  experience  gained  there. 

The  gravel  from  the  pit  at  Pleasant  Lake  is  a  fine  gravel,  mixed 
with  much  sand,  some  stone  and  boulders  and  a  minimum  amount  of 
clay  and  loam.  The  object  in  washing  the  pit-run  gravel  is  to  re- 
move all  the  clay  and  loam,  to  crush  the  stone  and  boulders  for  ballast 
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and  to  separate  the  sand  from  the  gravel,  loading  the  sand  in  cars  on 
one  track  and  the  washed  gravel  in  cars  on  another  track.  The 
stripping  is  done  by  grading  machines  and  the  material  wasted.  The 
gravel  is  loaded  by  means  of  a  75-ton  steam  shovel  using  a  3'/2-yd. 
dipper.  The  loading  face  is  40  ft.  The  material  handles  well.  It  is 
loaded  into  40-yd.  solid  steel  center  dump  ballast  cars  of  100,000  lbs. 
capacity.  One  hundred  and  twenty-five  cars  of  this  kind  have  been 
loaded  as  a  maximum  in  one  working  shift  of  ten  hours,  in  which  the 
shovel  was  actually  working  seven  and  one-half  hours.  Two  engines 
and  crews  are  used  to  spot  the  cars  at  the  shovel,  haul  the  gravel 
to  the  washer  and  dump  these  in  the  liopper  there.  The  cars  are 
hauled  up  a  stiff  grade. 

In  Fig.  5  is  shown  the  general  layout  of  the  plant.  The  pit  is 
on  the  left.  The  engine  shown  is  spotting  each  car  at  the  hopper,  from 
which  the  conveyors,  shown  in  Fig.  6,  are  removing  the  pit-run  gravel. 
This  plant  has  two  units,  save  its  motive  power  and  rock  crusher. 
The  discharge  side  of  the  washer  is  shown  in  Fig.  7.  The  prominent 
spout  seen  is  the  one  which  carries  away  the  clay  and  loam  with  the 
water. 

The  Pleasant  Lake  plant  is  a  wooden  trestle  structure  on  concrete 
foundations.  It  is  driven  by  a  200-H.P.  Erie  steam  engine.  The 
water  is  supplied  for  this  washer  and  engine  by  a  Worthington  lo-in. 
single-stage  centrifugal  turbine  pump,  rated  at  2,400  gal.,  against  a 
90-ft.  head.  The  pump  has  a  i6-in.  suction,  750  ft.  long  and  12-ft.  lift. 
A  test  shows  that  105  I.H.P.  is  required  lo  drive  Ihe  pump  and  132 
I.H.P.  for  operating  the  entire  plant.  About  1,700  gal.  of  water  are  used 
per  day  in  actual  operation.  The  conveyor  for  the  pit-run  or  raw  gravel 
is  best  seen  in  Fig.  6.  It  was  furnished  by  the  Link  Belt  Company 
and  has  a  maximum  capacity  of  5,000  cu.  yds.  per  day  of  ten  hours. 
The  gravel  is  elevated  but  once,  and  is  discharged  together  with  the 
water  for  washing'  on  a  flume  6  ft.  wide  and  8  ft.  long.  The  water 
is  allowed  to  escape  from  an  8-in.  pipe  through  a  "duck-bill"  nozzle. 
This  flume  discharges  on  a  bar  screen  with  2-in.  spacing  and  a  ^-m. 
mesh  wire  screen  below  and  parallel  to  it.  The  bar  screen  removes 
all  stone  and  boulders,  which  at  once  pass  to  a  Gates  rock  crusher, 
where  the  stones  are  all  crushed  small  enough  for  ballast  and  returned 
to  the  bar  screen  again  until  all  passes  through  into  the  ballast,  thus 
improving  llic  quality  of  the  finished  output.  The  materials  hav- 
ing passed  through  the  bar  and  ^-in.  screen  pass  successively  over 
or  through  a  3-16-in.  and  ^-in.  mesh,  respectively.  The  gravel  passing 
over  these  screens  passes  to  the  ballast  cars  and  the  sand  to  sand 
cars.  The  separation  of  the  water  from  the  sand  in  these  large  quanti- 
ties gave  some  trouble  at  first.  The  sand  settles,  as  shown  in  the 
skeleton  side  elevation,  in  a  funnel  with  a  valve  at  the  bottom.  The 
water  and  sand  are  admitted.  The  water  flows  over  three  sides  of  the 
square  funnel  and  is  wasted.  When  the  funnel  is  nearly  full  of  sand 
the  attendant  opens   the  valve   and   allows   Uie    sand    to   escape   into   the 
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bin  below.  Only  stationary  screens  are  used;  revolving  screens  have 
proven  unsatisfactory.  The  maximum  capacity  of  this  plant  is  4,000 
cu.  yds.   of   raw  or  pit-run  gravel   per  day   of   ten   hours. 

About  40  men  are  employed.  This  includes  one  steam  shovel  crew, 
four  train  crews  and  several  men  calking  cars  with  lath,  shingles  and 
hay  to  make   them   hold   wet  sand. 

The  cost  per  cubic  yard  of  the  washed  gravel  varies  much  with  the 
percentage  of  washed  gravel  obtained  from  the  pit-run  gravel.  Some 
pits  show  40  per  cent.,  some  55  per  cent,  of  washed  gravel.  Others 
show  65  per  cent.,  while  some  pits  promise  to  show  90  per  cent,  of 
washed  gravel.  The  market  for  the  sand  has  a  considerable  effect  upon 
the  net  price  of  the  finished  product.  Of  course,  the  amount  of  strip- 
ping and  the  cost  of  the  land  are  important  elements.  No  general 
rule  is  safe,  but  it  is  not  unreasonable  to  expect  that  pits  may  be  found 
where  the  washed  gravel  would  .cost  about  twice  as  much  as  the  raw 
or  pit-run   gravel. 

CEMENTING    GRAVEL. 

There  are  two  principal  points  in  the  territory  east  of  Memphis 
where  cementing  gravel  is  worked  for  the  purpose  of  supplying  ballast 
to  railroads;  one  at  luka,  AJiss.,  on  the  Southern  Railway,  known  as 
the  Tishomingo  Gravel  Pit,  owned  and  operated  by  the  Tishomingo 
Gravel  Company,  of  Memphis,  Tcnn.,  and  one  at  Perryville,  Tenn., 
on  the  Memphis  &  Paducah  Division  of  the  Nashville,  Chattanooga 
&  St.  Louis  Railway,  owned  and  operated  by  the  Perryville  Gravel  and 
Ballast    Company,    of    Memphis,    Tenn. 

As  the  character  of  the  gravel  and  the  manner  of  working  the 
two   pits  are   somewhat   different,  they   will  be   handled   separately: 

Tishoniini^o  Gravel. — This  is  a  water-worn  gravel  lying  in  a  com- 
pact mass  requiring  blasting  lefore  it  can  be  handled  with  a  steam 
shovel.  It  is  composed  of  20  per  cent,  clay,  5  per  cent,  sand,  and  75 
per  cent,  gravel.  This  gravel  as  a  rule  is  small  and  none  of  it  large 
enough  to  require  crushing  to  make  it  suitable  for  ballasting  purposes. 
In  order  to  get  it  in  shape  to  load  with  steam  shovel,  it  is  loosened 
up  by  blasting.  This  is  accomplished  by  digging  a  tunnel  about  20x26 
inches  in  cross-section  into  the  material  a  distance  of  about  26  feet, 
then  turning  at  right  angles  for  a  distance  of  10  feet  (see  sketch.  Fig.  8). 
This  digging  is  done  by  a  man  lying  down  using  a  pick  with  a  very  short 
handle.     The   cost   of   digging   these   tunnels   is    50   cents   per    foot.    . 

The  charge  is  placed  in  the  extreme  end  of  the  tunnel  and  a  por- 
tion of  it  refilled  as  shown  on  sketch.  From  75  to  100  carloads  of 
material  is  loosened  up  at  each  bla.st.  This  material  is  then  loaded 
by  steam  shovel  onto  cars.     The  cost  of  this  material  is  as   follows : 

Loading,   per   yard $0.09 

Hauling,    per    yard o. 20 

Unloading   and    distributing 0.07 

Putting    under    ties    and    surfacing O.il 

Total    $0.47 
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The  advantages  of  its  use  are:  Small  cost,  quick  cementing  quali- 
ties, holds  track  in  line  and  surface  well  under  fairly  heavy  traffic, 
does  not  churn,  very  little  dust  and  has  great  resistance  to  erosion  by 
water.  Considered  an  excellent  ballasting  material.  Has  the  disad- 
vantage of  growing  prolific  crops  of  weeds  and  grass,  making  it  costly 
to  keep  clean. 

Perryville  Gravel. — This  is  an  angular  gravel  lying  in  compact 
mass  requiring  blasting  before  it  can  be  handled. 

Large  pockets  of  clay  are  encountered,  making  it  preferable  to 
load  by  hand  in  order  to  get  the  best  material.  It  is  composed  of  lo 
per  cent,  clay  and  90  per  cent,  gravel,  with  chemical  analysis  of  97  per 
cent,  silica,  2.5  per  cent,  alumina,  and  .5  per  cent.  iron.  There  is  found 
in  this  pit  considerable  large  stone,  which  has  to  be  crushed  before 
suitable   for   use.     The   cost  of  this   gravel   per  yard   is    as   follows: 

F.   o.,b.   cars  at   pit,   per   yard $0.27^ 

Hauling,  loo-mile  train  service,  per  yard 0.20 

Unloading   and  distributing 0.04 

Stripping,   putting   under   and   surfacing 0.20 


Total 


>-7iJ^ 


Tunnel  20"  x  26" 


Cross-sectiort 

of 

Tunnel 


Fig.  8.     Sketch  of  Tunnel  for  Blasting  Tishomingo  Gravel. 


Advantages:  Low  first  cost,  ease  of  handling  and  getting  under 
track,  reduced  cost  for  tie  renewal,  account  of  cementing  qualities 
surface  and  line  cheaply  maintained  under  medium  traffic,  little  dust, 
great  resistance  to  erosion  by  water,  making  it  valuable  on  track  liable 
to  overflow.  This  gravel  gives  some  trouble  churning  and  grows  grass 
and   weeds   in   profusion. 
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Your  Committee  is  indebted  to  Mr.  T.  J.  Howard,  Roadmaster  of 
the  Southern  Railway,  Tuscumbia,  Ala.,  for  the  information  in  re- 
gard to  the  Tishomingo  gravel,  and  to  Mr.  W.  B.  Troy,  President  of 
the  Perryville  Gravel  and  Ballast  Company,  and  Superintendent  W.  J. 
Hills,  of  the  Memphis  &  Paducah  Division  of  the  Nashville,  Chattanooga 
&  St.  Louis   Railway,   for  information  as   to   the   Perryville  gravel. 

BURNT    CLAY    BALLAST. 

The  first  step  in  preparing  burnt  clay  ballast  is  the  purchase  of 
suitable  land.  The  nature  of  the  soil  will  determine  its  suitability 
for  making  ballast.  Small  test  kilns  should  be  burned,  as  the  only  sat- 
isfactory way  of  learning  the  behavior  of  the  soil  is  a  test  under  prac- 
tically the   same   conditions   as   will  exist   in  the  pit. 

Other  determining  factors  in  selecting  a  pit  are  convenience  of 
arranging  working  and  loading  tracks  and  drainage  of  the  pit.  It  is 
usually  the  case  that  suitable  soil  is  found  in  some  river  or  creek 
bottom  and  drainage  is  sometimes  difficult  to  obtain.  Lack  of  it,  how- 
ever, may  cut  a  very  considerable  figure  in  the  success  of  the  pit. 
Where  natural  drainage  cannot  be  had,  it  is  usual  to  provide  pumps 
to  get  rid  of  accumulations   of  water. 

The  method  of  operation  is  about  as  follows :  For  fuel  to  start 
with,  a  long  pile  of  timber,  usually  old  ties,  is  made  along  the  ground 
parallel  to  one  side  of  the  location  decided  on  for  the  pit.  As  tracks 
must  be  laid  out  for  working,  a  convenient  location  for  them  may  deter- 
mine the  direction  of  pile.  The  direction  of  prevailing  winds  should  also 
be  considered,  as  it  will  have  considerable  influence  on  the  fires  and 
consequently  on  the  quality  of  the  product.  Coal  is  placed  in  the 
spaces  between  the  timbers,  the  whole  pile  covered  with  soil  to  a  depth 
of  six  to  nine  inches  and  the  fires  started.  The  soil  is  taken  from 
a  trench  alongside  of  the  pile  of  timbers  and  thrown  over  them  by 
hand.  On  the  opposite  side  of  the  trench  from  the  timbers,  usually 
at  a  distance  of  48  ft.,  is  laid  the  working  track,  this  being  laid  on 
the  natural  ground  without  grading.  The  process  then  consists  of  put- 
ting onto  the  sloping  side  of  the  pile  of  timbers,  coal  and  soil,  called 
the  kiln,  alternate  layers  of  coal  and  soil,  the  soil  being  dug  from  the 
bottom  and  sides  of  the  trench  and  the  working  track  being  thrown 
over  from  time  to  time  as  necessary.  The  coal  is  handled  direct  to 
the  fire  from  the  cars.  This  may  be  done  by  hand,  rigging  platforms 
alongside  the  cars,  so  that  the  laborers  may  reach  the  right  point  con- 
veniently, or  by  machinery  designed  for  the  purpose.  The  practice  with 
respect  to  handling  coal  has  sometimes  been  to  unload  into  the  trench 
directly  from  cars,  mixing  with  the  clay  by  the  scrapers  with  which 
the  latter  was  handled,  but  this  method  has  not  proven  satisfactory. 
The  method  of  mixing  coal  and  clay  in  the  trench  has  proven  to  be 
wasteful,  besides  giving  a  product  which  is  unsatisfactory  on  account 
of  lack  of  uniformity.  The  clay  or  soil  may  be  excavated  and  thrown 
up  by  hand,  but  if  a  large  quantity  is  to  be  burned  the  use  of  machinery 
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is  economical.  Macliiiies  have  been  used  on  the  order  of  the  grader, 
with  an  arrangement  for  carrying  a  plow  on  a  car  on  the  working 
track,  this  plow  loosening  soil,  both  on  bottom  and  sides  of  trench,  and 
throwing  it  onto  a  belt  conveyor,  which  carries  it  to  the  desired  point 
on  the  kiln. 

These  machines,  however,  have  not  proven  satisfactory,  and  the 
type  illustrated  in  Fig.  lo  has  been  more  successful.  In  working  this 
machine,  the  scraper  is  dropped  at  the  foot  of  the  sloping  side  of  the 
kiln  and  drawn  toward  the  working  track.  When  filled  it  is  lifted, 
carried  out  over   tlie  fire  and  (hunped.     Each  machine  is   fitted  with  two 


Fig.  9.     Burnt  Clay  Ballast  Pit. 

scrapers,  one  of  which  is  used  to  dump  on  the  lower  half  of  the  slope 
of  the  kiln  and  the  other  on  the  upper  half.  Work  of  covering  the  side 
of  the  kiln  is  begun  at  one  end  and  carried  through  to  the  other,  after 
which  a  layer  of  coal  is  spread  over  the  clay  and  the  whole  slope  is 
gone  over  with  large  iron  rakes,  bringing  some  of  the  burning  coal  and 
hot   clay  into  contact    with   the    fresh   coal,   igniting   the   latter. 

In  addition  to  tlie  coal  handled  direct  onto  the  kiln,  it  is  a  usual 
or  frequent  practice  to  unload  some  on  the  ground  alongside  of  the  work- 
ing track,  also  between  ties  of  the  latter.  When  the  working  track  is 
shifted  this  coal  is  mixed   with  the  clay  excavated  by  the   scraper. 

The  time  at  which  coal  and  clay  should  be  applied  must  be  deter- 
mined by  the  ft)reman  in  charge.  The  nature  and  condition  of  the 
soil,  the  size  into  which  it  is  broken  in  handling,  the  quality  and  size 
of  the  coal  used  and  the  weather  prevailing  at  the  time  are  all  factors 
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which  enter  into  the  problem  of  burning,  and  experience  and  intelli- 
gence are  necessary  to  get  good  results.  Obviously,  fixed  rules  cannot 
be  laid  down. 

To  get  the  best  product,  the  fires  should  be  as  hot  as  possible  and 
the  ballast  should  be  allowed  to  cool  down  so  as  to  permit  safe  handling. 
Under  some  conditions,  five  months'  time  will  be  sufficient  for  beginning 
loading  after  the  fires  are  started,  but  the  experience  of  some  roads 
indicates  that  a  year  is  better  practice.  Loading  may  be  done  by  hand 
or  steam  shovel.  If  a  large  quantity  is  to  be  handled,  the  steam  shovel 
is    economical.     With    a    large    pit    it    is    possible    for    the    operations    of 


Fig.  10.    iM.'VCHiNE  for  Loading  Burnt  Clay   Ballast. 


excavating,  burning,  cooling  and  loading  to  be  carried  on  continuously, 
the  loading  being  done  on  one  side  of  the  pit,  while  the  excavating  is 
being  done  on  the  other,  the  burning  and  cooling  going  on  between 
the  two. 

In  practice,  however,  the  loading  is  carried  on  so  nuich  faster  than 
•  the  burning  and  cooling  that  the  shovel  soon  gets  into  hot  material. 
It  is  therefore  better  that  the  burning  operations  be  completed  before 
loading   begins. 

Contracts  are  seldom  made  for  less  than  100,000  cu.  yds.  per  year. 
The  plant  should  be  capable  of  producing  500  to  1,000  yds.  per  day.  A 
plant  of  this  capacity  requires  one  excavator,  equipped  with  buckets 
and  rakes,  one  slacking  machine  for  distributing  coal,  one  locomotive 
for  switching  loads  and  empties,  one  tool  car,  one  blacksmith  outfit  and 
one    pumping    plant.     The    Railroad    Company    usually    furnishes    land, 
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fuel,  track  material  and  lays  sidings  for  delivering  fuel.  The  contractor 
furnishes  plant  and  labor.  Slack  coal  is  generally  used  on  account  of 
cheapness  and  one  ton  burns  35^2  to  4  yds.  of  ballast. 

A  good  length  of  pit  is  a  half  mile,  though  pits  have  been  burned 
as  long  as  4,000  ft.  Some  details  of  pit  methods  are  given  in  an 
article  in  Engineering  News,  November  16,  1893,  and  the  Committee  is 
indebted  to  Mr.  S.  B.  Fleming,  President  of  the  American  Ballast 
Company,  of  Chicago,  for  information  upon  some  of  the  practical 
points   involved  in  making  burnt  clay  ballast. 


TABLE  SHOWING  COST  OF  BURNT  CLAY    BALLAST 

RAILROADS. 

ON    SEVERAL 

Railroad. 

Land. 

Fuel. 

Contract 
Price. 

Load- 
ing. 

Train 
Service- 
Hauling. 

Putting 
Under. 

ToUl 
per  Yard. 

A.  T.  &  S.  Fe.,. . . 
C.  &  E.  I 

0.100 

0  200 

0.058 

0  237 

0.140 

73.5 
25-30 

C.  B.  &Q 

C  M.  &  St.  P... . 

0.45 

0  135 

0  17 

0.06" 

41 

38-40 

C.  R.  I.  &P 

17-30 

37-40 

0  201 
0.040 

0  091 

0  234 

52.6 

Wabash 

0.038 

0.240 

31 .8 

CHATS. 

Chats  are  tailings  from  lead  and  zinc  concentrators.  The  rock 
in  which  the  lead  and  zinc  occur  is  run  through  crushers  and  sep- 
arators and  thoroughly  washed,  after  which  it  is  discharged  by  means 
of  elevators  and  troughs  and  forms  the  huge  piles  shown  in  Fig.  11. 
The  desire  of  the  lead  and  zinc  operators  to  extract  every  ounce  of  ore 
from  the  rock  has  led  to  finer  and  finer  crushing,  so  that  chats  coarse 
enough  to  make  good  ballast  are  becoming  less  easy  to  obtain  each  year. 

A  great  deal  of  loading  is  Mone  by  hand  under  contract.  The 
.material  is,  however,  most  excellent  for  easy  steam  shovel  handling,  and 
much  is  loaded  that  way.  Cost  of  loading  is  now  about  16  cents  per 
yard  in  the  Joplin  district,  having  been  14  cents  for  some  years  and  at 
one   time   even  cheaoer. 


ADVANTAGES    AND    DISADVANTAGES    OF   VARIOUS    TYPES 

OF   BALLAST. 

Before  going  into  the  advantages  and  disadvantages  of  the  different 
kinds  of  ballast,  it  seems  worth  while  to  state  the  functions  of  good 
ballast,  with  a  view  to  noting  more  clearly  to  what  extent  the  different 
ballasts  perform  them.    These  functions  may  be  summed  up  as  follows : 

(i)  To  provide  a  medium  for  uniform  distribution  of  the  pres- 
sures and   stresses  in  the  rail   from   the  ties  to  sub-grade. 

(2)     To  insure  a  firm,  smooth  and  level  bearing  for  the   ties. 
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(3)  To  quickly  and  thoroughly  drain  all  water  from  the  ties,  re- 
ducing to  a   minimum  conditions  tending  to   decay. 

(4)  To  provide  a  material  between  the  ties  to  prevent  the  skewing 
and  forward  movement  fronj  the  creeping  tendency  transmitted  from 
the  rail. 

(5)  To  secure  a  material  free  from  dust  and  dirt,  thus  preventing 
growth  of  grass   and  weeds. 

(6)  To  provide  a  medium  on  which  frequent  adjustment  of  line 
and  surface  can  be  made,  with  as  little  disturbance  to  general  condi- 
tions as  possible,  and  which  can  be  readily  worked  in  renewal  of  ties. 

(7)  To  insure  freedom  from  the  effects  of  the  elements,  such  as 
frost-heaving,    disintegration,    etc. 

(8)  To  provide  a  foundation  which  will  give  a  certain  degree  of 
elasticity   to    the    track,   and   insure    even    riding. 

A  good  ballast  should  not  become  muddy  when  wet,  and  should  be 
free  from  dust  when  dry.  Either  one  of  these  conditions  insures  the 
other,  and  a  dustless  ballast  is  particularly  desirable  when  there  is  a 
heavy  passenger  traffic,  as  the  comfort  of  the  passenger  is  seriously  in- 
terfered with  by  clouds  of  dust  filling  the  cars.  Dust  also  has  a  cer- 
tain wearing  effect  on  all  moving  surfaces  of  the  engine  and  cars,  such 
as  the  journals,  crosshead  guides,  etc. 

The  lines  of  transmission  of  pressure  are  important,  in  that  they 
determine  the  area  of  sub-grade  to  which  the  load  on  the  tie  is  trans- 
mitted. The  discussion  by  iMr.  W.  C.  Gushing,  of  the  Pennsylvania 
Lines  West,  on  the  Gommittee's  report  contained  in  1906  Proceedings. 
Vol.  7,  p.  104,  mentions  some  experiments  made  by  Mr.  Thos.  H. 
Johnson,  Gonsulting  Engineer  of  the  Pennsylvania  Lines,  to  determine 
these  lines  of  transmission.  From  Mr.  Johnson's  formulas  it  is  evi- 
dent that  he  has  used  one-fourth  horizontal  to  one  vertical  for  the 
line  in  gravel  and  one-half  horizontal  to  one  vertical  for  crushed  rock. 
The  Committee  knows  of  no  other  experiments  along  this  line.  Mr. 
O.  E.  Selby,  in  his  paper  on  "Stresses  Existing  in  Track  Superstruc- 
ture" (Proceedings,  Vol.  8,  p.  52),  has  used  these  slopes,  but  does  not 
mention  any  other  experiments  in  confirmation. 

CRUSHED     ROCK. 

A  clear  stone  affords  the  best  and  quickest  drainage,  and,  if  kept 
free  from  dirt,  does  not  grow  weeds  or  grass,  and,  when  well  edged 
and  trimmed,  presents  a  far  better  appearance  than  any  other  kind  of 
ballast.  Where  cementing  qualities  are  low,  and  it  is  easily  kept  clean, 
it  becomes  a  material  which  can  be  worked  to  better  advantage  during 
the  winter  months,  as  it  does  not  freeze.  This  latter  feature,  further- 
more, does  away  with  frost-heaving  and  its  consequent  bad  effects  on 
line  and  surface.  The  statement  is  frequently  made,  especially  by  users 
of  crushed  rock  ballast,  that  to  quarry  and  deliver  stone  ballast  on 
track  increases  its  first  cost  over  other  materials,  but  its  economic  value 
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is  much  greater,  owing  to  better  track  secured  and  longer  life  of  ties, 
with  less  frequent  necessity  for  relining  and  resurfacing. 

Users  of  large  quantities  of  gravel  ballast,  however,  do  not  admit 
all  of  these  claims,  particularly  that  of  better  riding  track.  It  is  said 
that  when  track  is  to  be  raised  only  a  very  small  amount,  it  is  difficult 
to  do  this  on  stone  ballast  and  to  properly  tamp  the  tie  to  an  even 
and  uniform  bearing.  For  this  reason  it  is  claimed  that  gravel  makes 
a  more  smooth  riding  track.  Likewise,  it  is  more  difficult  and  costs 
more  to  renew  ties  in  stone,  owing  to  the  handling  of  the  material. 
We  have  also  heard  it  stated  by  foremen  that  it  is  harder  to  make  and 
maintain  very  small  adjustments  cf  line  and  surface  in  rock  than  in 
other  materials,  but  its  good  qualities  far  oOtbalance  its  poorer  ones, 
and  its  use  shows  a  material  economic  saving.  The  spirit  with  which 
it  is  handled  -and  the   methods  used   are  most  important   factors. 

As  stated  before,  the  kind  of  ballast  to  be  used  is  most  fre- 
quently determined  by  local  conditions,  that  is,  whatever  is  most  avail- 
able, but  when  several  kinds  ;ire  to  be  had,  it  is  very  difficult  to  determine 
in  exact  figures  under  what  conditions,  weight  of  rolling  slock  and 
motive  power  and  frequency  of  traffic  it  becomes  most  economical  to 
begin  the   use  of  broken   stone   for  ballast. 

A  passenger  traffic  might  demand  its  use,  more  from  the  point 
of  view  of  the  comfort  of  passengers  and  its  appearance  than  from 
actual  pressures  to  be  sustained.  It  would  not  be  economical  to  ballast 
with  stone  a  single  track  branch  or  feeder  having  a  light  freight  busi- 
ness, where  maintenance  is  not  given  the  attention  that  is  necessary 
on  main  lines.  It  is  generally  claimed  that  a  saving  will  accrue  from 
the  use  of  stone  of  the  proper  qualities  for  ballast  wherever  it  becomes 
necessary  to  support  the  heavy  pressure  and  impact  of  the  latest  de- 
signs of  engines,  and  this  would  be  particularly  true  of  roads  carrying 
a  large  coal  traffic  in  the  latest  design  large  capacity  cars. 

The  best  size  for  crushed  rock  is  an  unsettled  question.  Tests 
made  on  the  Baltimore  &  Potomac  Railroad,  the  results  of  which  were 
obtained  through  the  courtesy  of  Mr.  Jos.  T.  Richards,  Chief  Engi- 
neer Maintenance  of  Way,  Pennsylvania  Railroad,  indicate  that  there 
is  a  slight  economy  in  the  use  of  2V2-in.  stone  over  1I/2  in.,  and  a 
decided  saving  over  ^i-'w.  The  tabulated  result  of  these  tests  is  given 
in  the  Proceedings,  Vol.  5,  p.  497. 

In  all  probability,  it  will  be  found  in  future  experience  that  the 
size  of  ballast  will  vary  with  the  class  of  stone  used.  Smaller  stone  is 
desirable  in  securing  smoother  riding  track,  and  for  raising  tracks  an 
amount  less  than  the  size  of  the  larger  stones.  In  the  harder  rock,  such 
as  trap,  smnller  stone  may  be  used,  as  it  does  not  pulverize  so  readily 
from  traffic  and  tamping.  In  limestone,  the  smaller  sizes  may  be 
eliminated,  as  the  larger  sizes  soon  go  to  pieces,  and,  when  the  stone 
has  high  cementing  values,  this  pulverizing  constitutes  one  of  its 
greatest   disadvantages,   and  causes    mud-pumping  of  the   track. 
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Fine  ballast  is  capable  of  producing  smooth  riding  track  with  less 
labor,  when  it  is  first  put  in,  yet  does  not  hold  track  in  as  good  line 
and  surface  under  heavy  traffic  as  ballast  of  larger  size.  Large  size 
stone,  with  sharp  fracture,  holds  the  track  in  better  line  and  surface 
under   heavy    traffic,    but   costs    a    little    more    for    first    tamping. 

Very  hard  rock  (such  as  trap  or  flint)  is  more  satisfactory  in 
smaller  sizes  than  limestone.  Limestone  of  high  cementing  power 
causes  mud-pumping  more  quickly  when  crushed  fine  than  when  coarse, 
and  an  impervious  cement  mould  is  often   found  around  the  tie. 

In  tamping,  it  is  found  that  the  stone  pulverizes  badly,  and  that 
the  smaller  stone  soon  works  into  dust,  requiring  the  ballast  to  be 
cleaned  frequently.  When  this  is  done,  only  the  larger  stones  are 
retained  on  the  fork.  It  is  found  that  the  larger  stones  themselves, 
when  tamped,  break  perhaps  more  than  is  actually  necessary  to  furnish 
the  required  bearing  for  the  tie,  Imt  this  is  partially  due  to  the  soft 
qualities  of  the  stone. 

Of  interest  in  this  connection  is  a  statement  of  the  Pennsylvania 
Railroad  with  regard  to  their  practice :"....  We  are  now  using 
ballast  of  somewhat  larger  size  than  formerly,  the  specifications  being 
for  stone  'broken  in  cubical  form  not  too  large  to  pass  through  a 
three  (3)  in.  test  ring,  nor  small  enough  to  pass  through  a  one  and 
one-quarter  (iJ4)  '"•  test  ring,  and  shall  be  graduated  uniformly  be- 
tween these  sizes.  To  be  acceptable,,  trap  rocks  and  other  rocks  in 
that  class  must  withstand  a  crushing  strength  of  not  less  than  10,000 
lbs.  per  sq.  in. ;  and  all  stones  must  pass  such  other  tests  as  the  Penn- 
sylvania Railroad  may  think  necessary  to  apply.'  In  regard  to  size,  we 
find  that  the  smaller  stone  formerly  permitted  in  ballast  is  forked  out 
with  the  dirt  at  every  cleaning  of  ballast,  entailing  a  large  loss  on  the 
company.  They  also  obstruct  drainage  more  or  less.  We  expect  to  get 
the  best  results  from  the  size  above  specified.  It  is  approximately  the 
size  used  on  our  New  York  Division  for  a  number  of  years." 

Of  further  interest  is  a  statement  of  results  of  physical  tests  of 
ballast  stone,  given  in  Appendix  A  to  this  report.  This  Appendix  also 
contains  descriptions  of  the  various  tests,  geological  descriptions  of  the 
rocks  examined  and  a  study  of  the  costs  and  comparative  economy  of 
some  of  the  stones,  as  they  apply  to  conditions  on  the  Baltimore  & 
Ohio  Railroad. 

"Characteristics  of  Stone  Ballast"  on  the  Cleveland,  Cincinnati, 
Chicago  &  St.  Louis  Railway  are  ,shown  in  Appendix  B,  which 
also  contains  some  interesting  comparisons  of  cost  of  stone  and  gravel 
ballast. 

GRAVEL     BALLAST. 

The  advantages  of  gravel  ballast  are  lower  first  cost  than  cfrushed 
rock,  lower  cost  of  tie  renewals  and  greater  ease  with  which  a  light 
raise,  to  give  a  fine  surface,  may  be  made.  The  disadvantages  are  dust, 
inability    to    hold    line    and    surface,    churning    when    wet    and    allowing 
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growth  of  weeds.  These  disadvantages,  however,  exist  in  greatly  vary- 
ing degrees  and  in  carefully  prepared  gravel  ballast  disappear  alto- 
gether. While  it  is  true  that  some  of  the  users  of  crushed  rock  main- 
tain that  it  is  superior  to  the  best  gravel,  your  Committee  feels  that 
the  evidence  is  not  sufficient  to  warrant  them  in  making  an  unqualified 
statement  to  that  effect.  Under  extremely  heavy  traffic  the  indications 
are  that  crushed  rock  will  stand  better  than  the  best  gravel,  but  some 
of  the  best  riding  track  in  the  country,  with  fast  passenger  service 
over  it,  and  with  reasonable  maintenance  expense,  is  put  up  on  gravel. 
Some  physical  tests  of  pit  gravel  on  the  Cleveland,  Cincinnati,  Chi- 
cago &  St.  Louis  Railway  have  thrown  light  on  the  question  of  eflfect 
of  sand  and  dust  in  gravel  ballast,  and  the  result  of  the  tests  is  accord- 
ingly given  here.  These  tests  were  made  on  small  sieves  by  hand  and 
must  therefore  be  regarded  as  laboratory  tests,  rather  than  working 
tests  under  everyday  conditions : 


PERCENTAGE  OF  GRAVEL,  SAND  AND  DUST  BY  VOLUME. 
(Compared  to  Original  Volume.) 


Pit. 

Lafayette 

Mechanicsburg 

Mound  City 

Savona 

Terre  Haute  (West).. 

Valley  Junction 

West  York 


Division. 

Chicago. . .   ... 

Cincinnati 

Peoria 

C.  and  Peoria.. 

St.  Louis 

Chicago 

Cairo 


Gravel 

Sand. 

27.0 
50.9 
44.1 
12.5 

Dust. 

81.6 
61.3 
68.0 
86.0 

1.3 
2.8 
2  9 
6  5 

56.0 

62.0 

2.0 

59.6 

55.4 

3  6 

58.7 

49.1 

12  9 

1 

Remarks. 


Very  Good. 

Fair. 

Good. 

Poor — Cementing 
nature. 

Too  recent  to  deter- 
mine. 

Good  but  dusty  and 
excess  of  sand  in- 
creases track  labor. 

Very  poor.  Only  fit 
for  sub-ballast. 


In  the  discussion  which  follows  the  term  "dust"  is  applied  to  that 
material  which  is  finer  than  sand  under  the  new  definition  recommended 
by  the  Committee.  All  proportions  used  in  the  discussion  have  ref- 
erence to  the  bulk. 

Gravel  having  3  per  cent,  or  less  of  dust  has  been  found  to  drain 
very  freely,  while  gravel  having  an  excess  of  3  per  cent,  of  dust  is 
found  to  hold  water  to  such  an  extent  as  to  interfere  with  its  thorough 
efficiency  as  ballast. 

Gravel  containing  2  per  cent,  of  dust  will  make  a  fairly  dustless 
roadbed,  but  after  being  disturbed  by  track  work  it  will  cause  con- 
siderable  dirt   until   washed   by   a   heavy    rain. 

It  has  been  found  necessary  to  have  about  30  per  cent,  sand  to 
partially  fill  the  voids  in  the  gravel.  Lack  of  at  least  20  per  cent,  of 
sand  permits  the  pebbles  to  shift  under  the  load  and  an  excess  of  50 
per  cent,  of  sand  prevents  the  ballast  from  becoming  firm.  In  dry 
weather   action   known    as    "pumping"   or    "blowing"'    takes    place. 
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Your  Committee  recommends  therefore,  as  a  good  practice,  the 
following  proportions : 

For  Class  A  roads :  Ten  parts  Gravel  and  three  parts  Sand. 
Where  Lank  gravel  contains  more  than  2  per  cent,  dust  or  40  per  cent. 
sand  it  should  bo  screened  or  washed. 

For  Class  B  -roads:  Ten  parts  Gravel  and  six  parts  Sand.  Where 
hank  gravel  contains  more  than  3  per  cent,  dust  or  60  per  cent,  sand  it 
should  be   screened  or  washed. 

For  Class  C  roads:  Ten  parts  Gravel  and  ten  parts  Sand.  Any  bank 
gravel  which  does  not  contain  an  excess  of  6  per  cent,  dust  may  be 
economically  used. 


The  principal  advantage  of  chats  is  low  first  cost,  although  it  has 
some  very  excellent  qualities  as  ballast  in   addition   to  this. 

It  provides  as  good  drainage  as  the  best  gravel,  the  coarser  chats 
giving  better   drainage   than  the   finer. 

It  is  very  low  in  cementing  qualities  and  there  are  therefore  fewer 
pumping  ties  than  in  gravel. 

It  is  fine  enough  for  ties  to  be  tamped  with  a  shovel  or  end 
tamper,  permitting  a  fine  surface  with  a  light  raise. 

Weeds  do  not  grow  in  the  chats  and  they  will  not  grow  in  the 
ballast  until  sufficient  dirt  to  support   them   has   been  collected. 

The  specific  gravity  of  chats  varies  from  2.54  to  2.66,  and  the 
weight  of  a  yard  varies  from  2,100  to  2,400  lbs.,  averaging  about  2,300 
lbs.  Recently  the  ore  has  been  ground  finer  in  order  to  get  out  more 
of  the  lead  and  zinc,  which  makes  a  less  desirable  ballast  than  when 
it  is  coarser. 

Some  of  the  disadvantages  of  chats  are  that  they  sink  into  clay 
soil,  blow  out  under  joints  and  do  not  keep  tracks  in  good  line  and 
surface  under  heavy  traffic.  The  better  grades  of  chats,  those  made  of 
the  harder  rocks  and  more  coarsely  crushed,  have  always  been  somewhat 
dusty  under  high  speeds,  say  about  45  miles  per  hour.  This  objection- 
able feature  has  grown  worse  with  the  tendency  to  finer  grinding,  men- 
tioned above,  until  it  has  reached  the  point  where  some  chats  piles  are 
cniirely  unfit  for  ballast  purposes.  Some  of  the  ore-bearing  rock,  also, 
is  comparatively  soft  by  nature,  and,  with  clay  which  sometimes  occurs 
in  the  interstices  of  the  rock,  makes  a  material  which  does  not  drain 
nor  support  track  satisfactorily  and  which,  therefore,  should  not  be 
used  except  for  sub-ballast. 

Your  Committee  wishes  to  submit  this  as  a  progress  report,  rather 
ih  111  a  complete  one,  both  on  preparation  and  delivery  of  ballast  and 
a  comparison  of  advantages  and  disadvantages.  Some  information  has 
been  obtained  on  the  practice  of  treating  ballast  which  has  become 
foul  under  the  ties,  but  this  has  not  been  put  in  shape  to  present. 
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CONCLUSION. 

Your  Committee  asks  that  the  definitions  for  Sand  and  Gravel  be 
approved  by  the  convention  and  that  the  percentages  of  sand  and  dust 
in  gravel  ballast  given  above  be  approved  as  good  practice. 

Respectfully    submitted, 

John  V.  Hanna,  Chief  Engineer,  Kansas  City  Terminal  Railway,  Kan- 
sas City,  Mo.,   Chairman. 

C.  A.  PaQuette,  Assistant  Chief  Engineer,  Cleveland,  Cincinnati,  Chicago 
&  St.  Louis   Railway,   Cincinnati,   O.,   V ice-Chairman. 

WiLLARD  Beahan,  Assistant  Engineer,  Lake  Shore  &  Michigan  Southern 
Railway,   Cleveland,   O. 

W.  J.  Bergen,  Assistant  to  Chief  Engineer,  New  York,  Chicago  &  St. 
Louis  Railway,  Cleveland,  O. 

J.  B.  Dickson,  Assistant  to  General  Manager,  Erie  Railroad,  New  York. 

H.  O.  Garman,  Assistant  Professor  of  Civil  Engineering,  Purdue  Uni- 
versit}',   Lafayette,   Ind. 

H.  E.  Hale,  Assistant  Engineer,  Missouri  Pacific  Railway,  St.  Louis,  iMo. 

G.  D.  Hicks,  Superintendent,  Nashville,  Chattanooga  &  St.  Louis  Rail- 
way, Tullahoma,  Tenn. 

B.  C.  MiLNER,  Louisville,  Ky. 

A.  F.  Rust,  Resident  Engineer,  Kansas  City  Southern  Railway,  Kansas 
City,  Mo. 

W.  C.  Smith,  Engineer  Maintenance  of  Way,  Northern  Pacific  Rail- 
way,  St.   Paul,   Minn. 

F.  J.  Stimson,  Engineer  Maintenance  of  Way,  Grand  Rapids  &  Indiana 

Railroad,  Grand  Rapids,  iMich. 
A.   W.   Thompson,   Chief   Engineer    Maintenance   of   Way,    Baltimore    & 
Ohio  Railroad,  Baltimore,  Md. 

G.  M.  Walker,  Jr.,  Roadmaster,   Santa  Fe  Railway,  Vaughn,  N.  M. 

Committee. 


Appendix    A. 

PHYSICAL  TESTS  OF  CRUSHED  STONE  BALLAST  USED   ON 
THE   BALTIMORE   &   OHIO   RAILROAD. 

Tests  of  all  these  rocks  have  been  made  by  the  United  States  Gov- 
ernment, Department  of  Agriculture,  Office  of  Public  Roads,  with  the 
following  results : 

TESTS   OF  GNEISS   FROM    WOODDALE   QUARRY,  B.    &   0.    R.    R. 

Specific   gravity    2.80 

Weight  per  cubic   foot lbs.  175.CX) 

Absorption   of   water 37 

Per    cent,    of    wear 3.90 

French    coefficient    of    wfear 10.30 

Hardness    I7-70 

Toughness    6.00 

Cementing  value    High 

Remarks.— Poor    ballast.      The    B.    &    O.    R.    R.    is    now    using    this 

stone.     In  April,  1908,   received  43  per  cent,   screenings. 

TEST   OF    TRAP    ROCK     (gABBRO). 

specific    gravity     3.15 

Weight    per    cubic    foot lbs.  196.00 

Absorption   of   water .27 

Per  cent,  of  wear 1.90 

French   coefficient   of   wear 21.50 

Hardness    17-30 

Toughness    15.00 

Cementing  value   10.00 

TEST  OF   TRAP   ROCK     (dIABASE)    FROM    QUARRY    OF   REEL's    MILLS,    MD. 

Specific  gravity    3.0 

Weight    per    cubic    foot lbs.  187.00 

Water  absorption    .4 

Per  cent,  of   wear i.i 

French   coefficient   of   wear 36.4 

Hardness    18.8 

Toughness    21.0 

Cementing  value    •  •  ■  i7-0 

TEST    OF    TRAP    ROCK     (GABRO)     FROM     MANNING    QUARRY,    LAUREL,     MD.,    USED 
IN    GOVERNMENT    WORK. 

Specific   gravitv    2.9 

Weight    per    cubic    foot lbs.  180.90 

Absorption    of    water o.i 

Per  cent,   of  wear 2.1 

French  coefficient   of  wear 18.7 

Hardness    17-3 

Toughness   24.0 

Cementing   value    3-6 
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TEST  OF  TRAP  ROCK  (dIABASE)  FROM    GOVERNMENT   QUARRY    AT    DICKERSON,  MD. 

Specific  gravity    •  •  •  3-OC> 

Weight   per    cubic    foot • '"s.  i07-00 

Water  absorption    39 

Per  cent,   of   wear 2.0O 

French    coefficient    of    wear 20.20 

Hardness    i^-5° 

Toughness      ^S-OO 

Cementing   vahie    ; 27.00 

TEST    OF    SHENANDOAH     LIMESTONE    FROM     ENGLE's     QUARRY,    NEAR     MARTINS- 
BURG,   W.    VA. 

Specific  gravity    •  •  •  •       2.7 

Weight    per    cubic    foot , lbs.  iO».oo 

Water    absorption     3 

Per   cent,   of   wear , •  •  •  •       4-5 

French    coefficient    of    wear 9-0 


Hardness 


1 1.8 


Toughness    4- 

Cementing    vakie    '. , • ^^ 

TEST    OF    HELDERBERG    LIMESTONE    FROM     KEARNEYSVILLE    QUARRY,     NEAR     MAR- 
TINSBURG,    W.    VA.,   ON    B.    &    O.    R,    R. 

Specific  gravity    ■  •  •  ^-75 

Weight    per    cubic    foot lbs.  172.00 

Water    absorption     "3 

Per    cent,    of    wear 4-20 

French   coefficient   of   wear 9-00 

Hardness    ^4-70 

Toughness   5- 

Cementing    vahie    "*^-^ 

TEST   OF    SHENANDOAH    LIMESTONE   FROM    QUARRY    ON    FROG    HOLLOW    BRANCH, 
B.    &   0.    R.    R.,    NEAR    MARTINSBURG,    W.    VA. 

Specific   gravity    •  •  •    ,^q{° 

Weight  per   cubic  foot 'l^s-  io8-0o 

Water   absorption    ;  •  •         -y* 

Per   cent,   of   wear °-30 

Hardness    ^^^^ 

Toughness 4- 

Cementmg  value   •' 

TEST    OF    HELDERBERG    LIMESTONE    FROM    QUARRY    AT    KEYSER,    W.    VA.,    ON    THE 

B.    ft   0.   R.    S. 

Specific   gravity    •  •  •  .q'^^ 

Weight  per  cubic  foot lbs.  168.00 

Water  absorption    -35 

Per   cent,   of  wear 4-oo 

French    coefficient    of    wear ^9-^ 

Hardness    ^^-^ 

Toughness    J. 

Cementing    vahie    ^•^' 

TEST    OF    GREENBRIER     LIMESTONE    FROM     BUCKHORN     QUARRY,     NEAR     ROWLES- 

BURG,    W.     VA. 

Specific  gravity    •  •  •    ,^^'^ 

Weight   per    cubic    foot l^s-  10500 

Water    absorption    34 
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Per  cent,  of  wear 2.20 

French   coefficient   of   wear 18.20 

Hardness    18.00 

Toughness   -. 14.00 

Cementing    value    35-00 

TEST    OF   CORNIFEROUS    LIMESTONE    FROM    QUARRY    OF    SCIOTO    STONE    CO.,    NEAR 
COLUMBUS,  OHIO,   ON    B.    &   O.   R.    R. 

Specific   gravity    2.60 

Wciglit    per    cubic    foot lbs.  152.00 

Absorption   of  water 1.34 

Per   cent,   of   wear 3.10 

French   coefficient   of   wear 12.90 

Hardness    12.00 

Toughness    12.00 

Cementing  value   Good 

TEST     OF     LOWER-  HELDERBERG     LIMESTONE     FROM     QUARRY     AT     NORTH     BALTI- 
MORE,   OHIO,   B.    &   0.    R.    R. 

Specific   gravity    2.75 

VVeight  per  cubic   foot .Ib.s.  172.00 

.Absorption   of   water 37 

Per  cent,   of   wear 4.30 

French  coefficient   of  wear 9.30 

Hardness    12.80 

Toughness    g.OO 

Cementing    value    32.00 

ABRASION    TEST. 

In  making  these  tests  the  Government  used  the   following  methods: 

The  machine  consists  of  four  cast-iron  cylinders  closed  at  one  end 

and  furnished  with  a  tightly  fitted   iron  cover   for  the  other  end.     The 

cylinders  are  20  cm.  in  diameter  and  shaft  at  an  angle  of  30  degrees  with 

the  axis  of  rotation. 

The  rock  is  broken  into  pieces  as  nearly  uniform  in  size  as  possible, 
and  as  nearly  50  pieces  as  possible  constitute  a  test  sample.  The  total 
weight  of  rock  in  a  test  is  within  10  grams  of  5  kilograms.  All  test 
pieces  are  washed  and  thoroughly  dried  before  weighing.  Ten  thousand 
revolutions,  at  the  rate  of  between  30  and  33  to  the  minute,  constitute 
a  test.  Only  the  percentage  of  the  material  worn  off  which  will  pass 
through  a  0.16  cm.  (i^-in.)  mesh  sieve  is  considered  in  determining  the 
amount  of  wear.  The  amount  of  wear  is  expressed  either  in  the  per 
cent,  of  5  kilograms  used  in  the  test,  or  tlic  French  coefficient,  which 
is  in   more  general  use,  is  given ;   that   is, 

20               400 
The    coefficient    of    wear  =  20  X  —  equals , 

zv  w 

"w"  being  the   weight   in   grams   of  the   detritus   under  0.16  cm.    (i^-in.) 
in  size  per  kilogram  of  rock  used. 
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TEST   FOR  HARDNESS. 

A  cylindrical  core  25  mm.  in  diameter  is  cut  from  a  specimen  of 
the  rock  with  a  diamond  core  drill,  and  the  test  piece  is  held  perpen- 
dicularly against  a  revolving  cast-iron  disc  under  a  constant  pressure 
of  1,250  grams,  while  standard  sand  is  fed  on  the  disc  to  act  as  the 
abrasive  agent.  At  the  end  of  1,000  revolutions  the  loss  in  weight  is 
determined  and  the  test  repeated  with  the  specimen  reversed.  The 
average  loss  in  weight,  computed  from  the  two  runs,  is  used  in  determin- 
ing the  hardness  of  the  rock.  In  the  earlier  work,  the  loss  in  length  was 
determined  from  measurements  taken  before  and  after  each  run,  and 
the  average  loss  expressed  in  mm.  per  1,000  revolutions  subtracted  from 
20,  was  given  as  representing  the  hardness  of  the  specimen.  The  arbi- 
trary constant  20' was  selected  with  a  view  to  giving  the  results  of  this 
test  about  the  same  range  of  variation  as  the  French  coefficient  of  wear 
which  has  been  previously  discussed.  It  has  been  found,  however,  that 
the  hardest  rocks  lose  only  about  2  mm.  per  1,000  revolutions,  while 
some  of  the  softer  varieties  lose  considerably  more  than  20  mm.,  thus 
giving  rise  to  negative  values  in  the  results  of  the  test.  In  order  to 
avoid  this,  a  different  method  of  expressing  the  hardness  has  been 
adopted,   viz. : 

Hardness    equals    H  —  20  —  YiW (2.) 

where  H  equals  loss  in  grams  per  1,000  revolutions. 

RESISTANCE  TO   IMPACT. 

This  test  is  made  on  25  mm.x25  mm.  (0.98-in.)  rock  cylinders  with 
an  impact  machine  especially  designed  for  the  purpose.  Instead  of  a 
flat-end  plunger  resting  on  the  test  piece  as  in  the  cementation  test, 
a  plunger  with  the  lower  bearing  surface  of  spherical  shape,  having 
a  radius  of  i  cm.  (0.4-in.)  is  used.  It  can  be  seen  that  the  blow  as 
delivered  through  a  spherical-end  plunger  approximates  as  nearly  as 
practicable  the  blows  of  traffic.  Besides  this,  it  has  the  further  ad- 
vantage of  not  requiring  great  exactness  in  getting  the  two  bearing 
surfaces  of  the  test  piece  parallel,  as  the  entire  load  is  applied  at  one 
point  on  the  upper  surface.  The  test  piece  is  adjusted  so  that  the  center 
of  the  upper  surface  is  tangent  to  the  spherical  end  of  the  plunger, 
and  the  plunger  is  pressed  firmly  upon  the  test  piece  by  two  spiral 
springs,  which  surround  the  plunger  guide  rods.  The  test  piece  is 
held  to  the  base  of  the  machine  by  a  device  which  prevents  its  re- 
bounding when  a  blow  is  struck  with  the  hammer.  The  hammer  weighs 
2  kg.,  and  is  raised  by  a  sprocket  chain  and  released  automatically  by 
a  concentric  electro-magnet.  The  test  consists  of  a  i  cm.  fall  of  the 
hammer  for  the  first  blow,  and  an  increased  fall  of  i  cm.  for  each  suc- 
ceeding blow  until  failure  of  the  test  piece  occurs.  The  number  of 
blows  required  to  cause  failure  is  used  to  represent  the  toughness. 
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CEMENTATION    TESTS. 

One-half  kg.  of  the  rock  to  be  tested  is  broken  sufficiently  small  to 
pass  through  a  ^-in.  mesh.  This  material  is  placed  in  a  ball  mili, 
together  with  about  85  cc.  of  water  sufficient  to  produce  a  stiff  paste 
after  grinding.  This  mill  contains  two  steel  shot,  weight  of  25  lbs. 
each,  and  is  revolved  at  the  rate  of  2,000  revolutions  per  hour.  At  the 
end  of  5,000  revolutions,  the  material  is  taken  from  the  mill,  and 
about  28  grams  of  the  dough  is  placed  in  a  cylindrical  metal  die,  25  mm. 
in  diameter.  A  closely  fitting  plug  supported  by  guide  rods  is  inserted 
over  the  material,  which  is  then  subjected  to  a  pressure  of  100  kgs. 
per  sq.  cm.  The  die  is  placed  on  an  iron  platform  supported  by  a 
piston  rod,  which  is  connected  directly  with  a  hydraulic  piston  below. 
Water  from  a  tank  is  admitted  to  the  hydraulic  cylinder  through  a 
small  orifice  in  the  pipe.  As  the  piston  rises,  the  platform  and  die  are 
carried  up  with  it,  the  plug  of  the  latter  coming  in  contact  with  the 
yo'ke  attached  to  a  properly  weighted  lever  arm.  The  height  of  the  bri- 
quette is  measured  and  if  it  is  not  exactly  25  mm.,  the  requisite  amount 
of  material  is  added  or  subtracted  to  make  the  next  briquette  the  re- 
quired height.  Five  briquettes  are  made  from  each  test  sample  and 
allowed  to  dry  20  hours  in  air  and  4  hours  in  a  steam  bath.  After 
cooling  for  20  minutes  in  a  desiccator,  they  are  tested  by  impact  in  a 
machine  especially  designed  for  the  purpose. 

This  machine  consists  of  a  one  kg.  hammer  which  falls  on  a  flat- 
end  plunger  of  i  kg.  weight,  which  is  pressed  upon  the  briquette  by 
two  light  spiral  springs  surrounding  the  guide  rods.  By  a  suitable  re- 
cording device,  the  movement  of  the  plunger  during  and  after  each  blow 
of  the  hammer  is  recorded.  The  standard  fall  of  the  hammer  is  i  cm. 
and  this  blow  is  repeated  until  the  bond  of  cementation  of  the  material 
is  destroyed.  The  number  of  blows  required  to  destroy  the  bond  of 
cementation  as  described  above  is  noted,  and  an  average  obtained  from 
five  briquettes  is  given  as  the  cementing  value. 

GEOLOGICAL  DESCRIPTION  OF  TRAPS. 

The  trap  rocks  (Gabbro  and  Diabase),  which  make  the  best  ballast 
and  which  are  now  used  to  a  great  extent  on  the  Pennsylvania  Rail- 
road, are  described  geologically   as   follows : 

DESCRirXION    OF    TRAPS. 

The  trap  rocks  are  highly  crystalline,  with  the  minerals  that  com- 
pose them  firmly  interlocked.  Some  are  rich  in  iron,  that  being  thr 
basis  of  what  little  cementing  power  they  have. 

They  are  of  igneous  origin,  having  been  forced  in  a  molten  condi- 
tion from  considerable  depths  in  the  earth's  crust  into  the  position 
they  now   occupy.     They   occur   in    several   well-defined   varieties. 

Gabbro  (Niggerhead). — The  oldest  of  the  basic  eruptive  or  trap 
rocks  which  intrude  the  gneiss.     There  are  three  main  areas : 

The  stony  forest  of  Hartford  and  Cecil  Counties,  Maryland. 
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The  sheet  that  extends  from  north  of  Conowingo  on  the  Susque- 
hanna, in  a  southwest  direction,  to  Baltimore  City. 

The  irregular  intrusive  sheet  which  is  mainly  developed  to  the  west 
of  Baltimore,  and  extends  as  far  south  and  west  as  Laurel. 

The   Gabbro  is  a   rather  fine-grained  aggregate   of   the   minerals : 

Hypersthene  (i), 

Diallage  (2), 

Plagioclase  (3), 

and  Magnetite  (4), 

with   varying   amounts   of   Apatite  (5), 

and    Brown    Hornblende  (6). 

The  unaltered   Gabbro  is  usually  heavy  and   dark  colored, 
(i)     Gray    or    greenish  *  black,    often    with    a    peculiar,    bronze-like 
color  on  the  cleavage  surface.     (Looks  rusty.) 

(2)  Dark  green  or  bronze  colored  variety  of  pyroxene.  Pyroxene 
is  a  common  mineral,  occurrmg  in  minerals  having  one  oblique  inclina- 
tion  (monoclinic).     It  is  an  essential  constituent  of  gabbro  and  basalt. 

(3)  A  general  term  for  any  Iriclinic  feldspar.  Feldspar  is  a  gen- 
eral name  for  a  group  of  minerals  closely  related  in  crystalline  form, 
and  all  silicates  of  alumina  with  either  potash,  salt  or  lime.  It  breaks 
in  two   directions   at   right  angles. 

(4)  An  oxide  of  iron  (FcsOi).  Iron  ore  sometimes  called  mag- 
netic iron. 

(5)  Native  phosphate  of  lime.  Occurs  in  six-sided  prisms.  Pale 
green. 

(6)  The  common  black  or  dark  green  or  brown  variety  of  amphi- 
bole.  It  belongs  to  the  aluminous  division  of  the  species,  and  con- 
tains considerable  iron.  Amphibole  is  Silicate  of  Magnesium  and 
Calcium,   with  usually  aluminum   and  iron. 

The  Gabbro  docs  not  easily  decompose,  and  so  is  found  often  in 
the  form  of  round  boulders.  The  road  cuts  of  Edmonson  Avenue,  in 
Baltimore,  show  them  in  this  form  in  many  places.  It  is  so  hard  and 
so  heavy  that  it  cannot  be  quarried  for  a  building  stone,  but  it  is  much 
used  for  road  material  in  Baltimore  County.  It  is  highly  esteemed,  on 
account  of  its  excellent  wearing  qualities. 

DiORiTE. — Diorite  is  closely  allied  to  granite  and  might  easily  be 
mistaken  for  it.  It  differs  in  the  character  of  its  Feldspar,  and  in  its 
darker  color.  Quartz  is  usually  present  and  also  a  green  hornblende. 
Under  a  microscope  the  diorites  often  show  signs  of  weathering.  The 
diorites  have  less  iron  than  Gabbro,  and  do  not  cement  as  much.  It 
is  found  along  the  Patapsco  River,  just  north  of  Ilchester  Tunnel,  on 
the  west  side  of  the  river. 

Diabase. — The  youngest  of  the  trap  rocks  and  the  hardest,  toughest 
and  most  expensive  to  work.  It  occurs  in  two  long  dikes  reaching 
across  the  state  of  Maryland  from  northeast  to  southwest.  In  the 
western  dike,  which  crosses  the  main  line  of  the  B.  &  O.  R.  R.  about 
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two  miles  east  of  Frederick  Junction,  and  the  Metropolitan  Branch,  near 
Dickerson,  the  diabase  penetrates  the  sandstones  and  shales. 

In  the  eastern  portion  of  the  Piedmont  Plateau  it  intrudes  the 
older  crystalline  rocks  in  Baltimore  and  Howard  Counties.  The  dike 
crosses  the  main  line  about  one  mile  west  of  Alberton,  and  disap- 
pears near  Samsonville,  about  four  miles  north  of  Laurel.  It  crosses 
the  Northern  Central  Railroad  near  Parkton. 

Diabase  is  composed  of  feldspar,  pyroxene,  with  olivene  and  mag- 
netite. 

(Olivene  is  a  yellowish  green  mineral,  composed  of  silica,  magnesia 
and   iron.) 

SAVING  EFFECTED  BY  USE  OF  TRAP  FOR  BALLAST. 

From  tests  ,of  these  trap  rocks,  it  is  readily  seen  that  a  material 
saving  can  be  effected  by  their  use  for  ballast  purposes.  Less  stone 
will  be  required  to  maintain  the  track,  and  it  can  be  used  in  smaller 
sizes,  as  its  higher  percentage  of  hardness  and  toughness  will  insure 
less  breaking  under  traffic  and  tamping. 

Figures  taken  from  comparison  of  line  and  surface  in  trap  with 
that  in  stone  whose  quality  is  aliout  the  same  as  limestone,  show  that 
line  and  surface  cost  approximately  $20  less  per  mile  in  trap  than  in 
limestone. 

COST   OF    PLANT. 

From  published  figures,  the  cost  of  building  a  plant  of  1,000  tons 
daily  capacity,  and  its  cost   of  operation   to  quarry,  is   as   follows : 

ESTIMATE     COST     OF     QUARRY     PLANT. 
GABERO. 

Capacity    1,000   tons    daily 300,000  tons  annually 

900  cu.  yds.  trap  per  lo-hour  day 270,000  cu.  yds.      " 

Crushers,  4,  250-ton   Farrell,   at  $1,250 $  5,000 

Engines,  4,  60-H.P.,   14x12,  at  $500 2,000 

Foundations    100 

Belting,  13-in.,  200  ft.,  at  $2.75 550 

Boilers,  2,  200-H.P.  and  setting 7,500 

Steam    fittings    4,000 

Boiler  House    2,500 

Engine    House    1,500 

Stack 2,000 

Scales,  60-ft.,  including  foundations  and  timber I1225 

Bins     600 

Elevators  with  platforms,  4  at  $1,500   (for  tailings) 6,000 

Pump  for  water  supply,  5,500  gallons   per   hour 200 

Tank,   50,000  gallons 1,200 

Steam  drills  with  tripods  connecting  hose,  20  at  $245., 4,900 
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Screens,  rotary,  54-in.,  4  at  $950 3,8oo 

Small  Tools,  Forges,  Bars,  Wedges,  Hammers,  etc 1,200 

Derrick,   small    stiff   leg 150 

Total   $44425 

Contingencies,    8    per    cent 3>SS3 

$47,978 

Land,  50  acres   at  $150  per  acre 7,500 

Cable   railway  and   dump   cars   for  haul   to  crusher,   this   being  a 

varying  item  as  quarry  is  worked 5,000 

Total    cost   of   quarry $60,478 

COST    OF    OPERATION    OF    QUARRY    PLANT. 
GABBRO. 

Capacity    270,000    Cu.    Yds.    Per    Annum. 

18  drillers  at  $3  per  day,  300  days $16,200 

18  helpers   at  $1.75   per   day,   300  days 9,450 

3  blacksmiths  at  $3  per  day,  300  days 2,700 

50  bar-sledgers  at  $1.75  per  day,  300  days 26,250 

60  coal  loaders  at  $1.75  per  day,  300  days 31,500 

8  crusher  men  at  $1.75  per  day,  300  days 4,200 

I  quarry  boss  at  $5  per  day,  300  days 1,500 

I  fireman  at  $2.50  per  day,  300  days 750 

I  engineer  at  $3  per  day,  300  days 900 

4  bin  men  at  $1.75  per  day,  300  days 2,100 

I  scale  man  at  $2  per  day,  300  days 600 

I  carpenter  at  $3  per  day,  300  days 900 

10  laborers  at  $1.75  per  day,  300  days 5,25c 

I  clerk  at  $750  per  year 750 

Fuel,  2,700  tons  of  coal  at  $2.70 7,290 

Oil,    waste,    etc 500 

Dynamite,   .7-lb.   per   cu.   yd.,    270,000   cu.   yds. — 189,000   lbs.    at    15 

cents    28,350 

Drill    repairs — i    machinist    at   $4 1,200 

I    helper   at  $2.50 750 

Supplies  at  $1.25  per  mo.  per  drill 270 

Blacksmiths   included   above 

Total      $141,410 

4  per  cent,   on  first  cost  of  plant $2,418 

10  per  cent,   depreciation   on   machinery,    except   crushers.  .  2,160 
165^   per  cent,   depreciation    on   crushers 833 

5.4" 

$146,821 
Contingencies,    8    per    cent 1 1,750 

$158,571 
This  shows  a  cost  per  yard  of  59  cents. 
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SAVING  FROM  USE  OF  TRAP  VS.   LIMESTONE  ON  TYPICAL 

SECTION. 

With  this  figure,  the  estimated  saving  shown  from  the  use  of  trap 
rock  (Gabbro)  over  limestone  now  used,  from  Martinsburg  quarry,  on 
the  Baltimore  &  Ohio  Railroad,  in  a  i6-mile  section,  double-track,  or 
32  miles  of  single  track,  based  on  changing  the  entire  ballast  in  a  five- 
year  period,  and  using  2,200  cu.  yds.  of  trap  rock  per  mile,  8-in.  under 
the   tie,   would  be  as  follows : 

DETAILS    OF    COST    PER    CUBIC   Y.\RD    IN    TRACK. 

Gabbro. 

Quarrying    $0.60 

Placing    IT]    track 15 

Average   haul,    18  miles   at   .001 02 

Total   estimated   cost  per   cu.   yd $0.77 

Limestone. 

Quarrying    $0.55 

Screenings,    33    per    cent 18 

Placing    in    track    15 

Average  haul,  98  miles  at  .001 10 

Total  actual  cost  per  cu.  yd $0.98 

SUMMARY. 

Limestone,  14,080  cu.  yds.  at  98  cents $13,798.40 

Gabbro,   14,080  cu.  yds.  at  77  cents 10,841.60 

Saving    per    year    during    ballasting,    due    to    use    of    Trap 

Rock  $  2,956.80 

SAVING     IN     MAINTENANCE. 

300  cu.  yds.  of  trap  rock  per  mile  per  year  will  maintain  track  as 
efficiently  as   400  cu.   yds.   of  limestone. 

32  miles  X  400  cu.  yds.  Limestone  X  98  cents $12,544 

32  miles    X   300  cu.  yds.   Trap   Rock    X    77   cents 7,39^ 

Saving  per  year  due  to  use  of  Trap  Rock  after  track  is  fully 

ballasted     $  5,152 

Saving  in   line   and   surface,   32   miles   at   $20 640 

Total   saving  per  year  after  track   is    fully  ballasted $  5,792 
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SAVING    IN    MAINTENANCE    LABOR. 

Saving  in   maintenance  labor  during  ballasting : 

1st  year   

2nd  year,     6.4  miles  X  $20    $128 

3rd  year,  12.8  miles  X     20     256 

4th  year,  19.2  miles  X     20  384 

5th  year,  25.6  miles   X     20 512 

Total  five  years  labor  saving  during  ballasting   ((Maintenance) .  .$  1,280.00 
Five  years  saving  in  first  cost,  due  to  use  of  Trap  Rock 14,784.00 

Total  five  years  saving  during  ballasting $16,064.00 

Average   saving  per  year    during   ballasting 3,212.80 

Saving  per  year  after  fifth  year 5,792.00 

NECESSITY    FOR    STUDY    OF    ECONOMIC    VALUES    OF    BAL- 
LAST. 

These  figures  give  an  idea  of  the  savings  which  may  be  effected 
by  going  into   such  questions   thoroughly,   and   getting  accurate   data. 

Such  comparisons  may  be  worked  up  for  stone,  gravel  and  cinder, 
and  estimate  made  which  will  show  a  railroad  management  how  far 
they  are  justified  in   going  into  such  economies. 

BENEFITS  FROM  USE  OF  TRAP. 

The  physical  benefits  which  may  be  expected  to  come  from  the  use 
of  Trap  Rock  can  be  summed  up  as  follows,  and  it  would  appear  that 
wherever  stone  is  available  within  the  limits  of  reasonable  haul,  that 
its  use  is  unquestionably  economical : 

(i)  By  holding  up  ties  under  the  rail  seats  more  firmly  and  longer, 
danger  of  center-bound  track  is  decreased  and  many  broken   ties  saved. 

(2)  By  virtue  of  the  hardness  and  low  cementing  power  of  Trap 
Rock,  the  water  will  be  drained  away  from  the  ties  quickly,  and  thus 
lessen  the  tendency  to  decay.  This  may  have  an  important  bearing  on 
the  prolonging  of  the  life  of  the  tie. 

(3)  The  expense  of  maintaining  line  and  surface  is  necessarily 
less  in  a  ballast  that  stands  up  and  does  not  pulverize,  allowing  the 
track  to  sink  and  shift  laterally. 

(4)  By  standing  up  under  track,  the  tendency  to  broken  rails, 
broken   joints    and    spike-pulling    is    lessened. 

(5)  With  better  drainage,  disturbances  from  frost-heaving  are 
minimized. 

(6)  Smaller  sized  ballast  may  be  used  with  a  hard  ballast  than 
with  soft  stone.     A  more  even  bearing  may  be  secured  by  its  use. 

(7)  The  sharp  fracture  of  the  Trap  Rock  is  instrumental  in  secur- 
ing a  wide  distribution  of  the  loads  transmitted  by  it  to  the  sub-grade. 
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POSSIBLE   CHANGES   IN   ROADBED   SECTIONS   DUE  TO    USE 

OF    TRAP. 

Cross-sections  adopted  by  the  important  railroads  of  the  country, 
to  cover  broken  stone  ballast,  have  been  published  by  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association,  but  it  is 
possible  that,  in  the  future,  it  may  be  found  that  the  cross-sections  can 
be  changed,  when  so  satisfactory  a  material  as  Trap  is  available  for 
ballast  purposes. 

POSSIBLE    CHANGES    IN    TIES. 

Again,  the  length  of  tie  may  be  changed  in  the  future,  and  short- 
ened, in  accordance  with  conditions  found  from  experiments  made  by 
M.  Cuenor,  '  Chief  Engineer  of  Bridges  and  Highways,  Paris-Lyons- 
Mediterranean  Railroad  Company,  translated  by  iMr.  W.  C.  Cushing, 
Chief  Engineer  Maintenance  of  Way,  Pennsylvania  Lines  West  of 
Pittsburg,  under  the  title  of  "Deformations  of  Railroad  Tracks  and 
the  Means  of  Remedying  Them." 


Appendix    B. 

CHARACTERISTICS  OF  STONE  BALLAST  USED  ON  BIG  FOUR 

RAILWAY. 

(l)       SPECIFICATIONS    FOR    ROCK     BALLAST. 

Stone  ballast  is  to  be  made  of  trap,  limestone  or  other  hard  durable 
rock.     It  must  be    freo    from   earth,   shale   or  other   foreign   substance. 

The  rock  is  to  be  crushed  so  that  it  will  pass  through  a  2-in. 
ring.  The  largest  ring  in  screen  used  in  screening  rock  ballast  must 
be  2-in.  in  diameter.  If  stone  larger  than  2-in.  is  taken  from  any  screen 
there  must  be  efficient  partition  and  bins  to  absolutely  separate  the 
stone   passing   through    the   2-in.    ring. 

All  stone  finer  than  stone  passing  through  a  2-in.  ring  will  be  taken 
excepting  such  stone  as  will  pass  through  a  ^-in.   ring. 

(2)       ORIGIN    AND    COST    OF    STONE    AND    AMOUNT    NOW    IN    TRACK. 

In  general  the  stone  ballast  on  the  Big  Four  has  been  obtained  from 
two  sources.  First,  from  Marion,  Ohio,  where  it  is  purchased  from  the 
Ohio  and  Western  Lime  Company.  This  stone  is  a  fair,  hard  lime- 
stone, and  has  proven  durable.  The  cost  at  present  is  54  cents  per  cu.  yd. 
delivered  on  cars.  The  quarry  is  located  on  a  foreign  line,  causing  a 
switching  charge  of  $2  per  car.  This  makes  an  extra  charge  of  5 
cents  per  cu.  yd.,  making  the  cost  of  the  stone  59  cents  per  cu.  yd.  on 
Big  Four  tracks.  This  ballast  is  hauled  loi  miles  maximum  haul  and 
the  present  minimum  haul  is  32  miles,  making  an  average  haul  of  66 
miles.  The  Big  Four  Railway  from  Cleveland  to  Shelby,  Ohio,  is 
ballasted  with  this  stone,  making  a  total  of  102  miles  of  track.  This 
stone  has  been  applied  to  average  of  2,100  cu.  yds.  per  mile.  The 
average  amount  of  stone  under  the  track  is  8  in.  on  firm  bed  of  gravel 
and  slag. 

The  other  source  of  stone  ballast  on  the  Big  Four  is  Southern 
Illinois.  This  stone  is  a  hard,  durable  sandstone  and  is  the  only  bal- 
last material  available  in  the  territory  in  which  it  is  used.  The  crushing 
plant  is  owned  by  the  company,  and  the  average  cost  of  production 
for  one  year  (1907)  was  48  cents  per  cu.  yd.  on  cars.  The  character 
of  the  stone  does  not  make  it  desirable  for  ballast,  but  for  the  condi- 
tions under  which  it  is  used  good  results  were  obtained.  The  track 
ballasted  with  this  stone  extends  from  Cairo,  111.,  to  Harrisburg,  111., 
and  the  quarry  is  located  near  Vienna,  111.,  36  miles  north  of  Cairo. 
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(3)       COST     OF    APPLYING     STONE     BALLAST. 

(a)  Cleveland   Division    (Hard  Limestone,   1908),  31.9  cents  cu.  yd. 

(b)  Cairo  Division    (Hard  Sandstone,   1907),  31.0  cents  cu.  yd. 

(4)-     COST    OF    TIE    RENEWALS    IN     STONE    BALLAST. 

Cleveland  Division    (1908),   16.8  cents. 

(5)       RENEWALS     OF     BALLAST. 

The  greater  portion  of  our  stone  ballast  has  been  in  less  than 
five  years.  It  has  not  been  necessary  to  make  a  renewal  of  ballast 
because  of  it  being  worn  out. 

COMPARISON     BETWEEN     STONE    AND     GRAVEL    BALLAST. 

(l)       COST    OF    BALLAST. 

As  stated,  the  stone  ballast  on  cars  on  our  track  costs  59  cents 
and  48  cents  per  cu.  yd.  Gravel  ballast  on  cars,  including  all  costs, 
ranges   from   5.62  cents   to    13.9   cents   per   cu.  yd. 

(2)       COST     OF    APPLYING. 

Stone  ballast  cost  to  put  under  track  in  1908  31.9  c^nts  per  cu.  yd. 
Gravel  ballast  cost  11.8  cents  per  cu.  yd.,  the  amounts  of  lift  and  train 
service  being  practically  equal. 

(3)       COST    OF    TIE    RENEWALS. 

Tie  renewals  in  stone  ballast  averaged  16.8  cents  per  tie  and  in 
gravel  ballast  10.3  cents. 

(4)       EFFICIENCY  OF   THE   BALLAST. 

On  the  Big  Four  ballast  cross-section  for  stone  is  used  which  with 
a  i2-in.  lift  requires  an  average  of  3,380  cu.  yds.  per  mile  under  the 
same  conditions  a  gravel  cross-section  having  3,680  cu.  yds.  per  mile 
is  used.  Results  have  indicated  that  the  stone  cross-section  might  be 
even  further  reduced  and  obtain  results  so  far  as  maintaining  surface 
is  concerned  equal  to  that  of  gravel.  It  may  be  said,  therefore,  that  for 
the  same  conditions  the  volume  of  stone  required  may  be  10  per  cent, 
less  than  gravel. 


DISCUSSION. 

Mr.  John  V.  Hanna  (Kansas  City  Terminal)  : — The  work  done  by 
the  Committee  this  year  was  principally  the  compiling  of  information  and 
we  have  not,  therefore,  very  much  to  submit  to  the  Association  in  the 
form  of  conclusions.  In  fact,  the  only  thing  we  have  in  that  line  is  a 
change  in  some  definitions,  and  som.e  recommendations  as  to  proportions 
of  sand  and  gravel  for  different  classes  of  service.  We  did  not  want  to 
go  into  the  question  of  definitions,  as  we  did  some  years  ago,  but  when 
it  came  to  distinguishing  between  gravel  and  sand  as  ballast  material,  it 
seemed  necessary  to  draw  a  line  arbitrarily.  One  of  the  members  of 
our  Committee,  the  vice-chairman,  made  some  actual  separations  with 
screens  of  different  sizes,  the  result  of  which  was  that  we  offer  a  definite 
line  to  be  drawn  between  those  two  classes  of  material.  The  rest  of 
the  work  was  along  the  line  of  describing  methods  of  preparing  and 
delivering  ballast  of  the  different  kinds,  and  also  something  on  the  advan- 
tages and  disadvantages  of  the  different  classes  of  ballast.  In  the  appen- 
dix to  the  report  is  some  other  matter  that  we  thought  would  be  of 
interest  and  value  to  the  Association,  and  we  submitted  it  accordingly. 
I  should  have  preferred  that  the  explanation  of  the  work  actually  done 
in  arriving  at  these  screen  sizes  in  separating  sand  and  gravel  had  been 
made  by  Mr.  Paquette,  the  vice-chairman  of  the  Committee,  who  actually 
carried  out  these  tests.  As  I  am  not  able  to  do  so,  and  Mr.  Paquette 
is  not  here,  we  cannot  give  it.  I  would  move  that  the  conclusions  of  the 
Committee  in  that  respect  be  adopted. 

The  President: — The  Secretary  will  read  the  conclusions. 

The  Secretary  :^"That  the  percentages  of  sand  and  dust  in  gravel 
ballast  given  below  be  approved  as  good  practice : 

"For  Qass  A  roads :  Ten  parts  gravel  and  three  parts  sand.  Where 
bank  gravel  contains  more  than  2  per  cent,  dust  or  40  per  cent,  sand 
it  should  be  screened  or  washed. 

"For  Class  B  roads :  Ten  parts  gravel  and  six  parts  sand.  Where 
bank  gravel  contains  more  than  3  per  cent,  dust  or  60  per  cent,  sand 
it  should  be  screened  or  washed. 

"For  Class  C  roads :  Ten  parts  gravel  and  ten  parts  sand.  Any 
bank  gravel  which  does  not  contain  an  excess  of  6  per  cent,  dust  may  be 
economically  used." 

Mr.  L.  C.  Fritch  (Illinois  Central)  :— It  seems  to  me  the  percentage 
of  sand  in  the  gravel  for  Class  A  roads  is  a  little  high.  I  would  like 
to  hear  some  discussion  on  that  point.  It  strikes  me  that  30  per  cent, 
would  be  better. 

Mr.  C.  E.  Lindsay  (New  York  Central)  :— The  Committee  recom- 
mends the  substitution  of  a  definition  for  gravel  for  the  definition  for 
gravel  which  is  given  in  the  iManual.  I  would  request  that  we  have 
the   definition  for  gravel  as  given  in  the  Manual  read  to  us. 

The  Secretary :— "Gravel.— Small  worn  fragments  of  rock,  coarser 
than  sand,  occurring  in  natural  deposits." 
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Mr.  Lindsay : — I  hope  the  conclusions  of  the  Committee  changing  the 
Manual  will  not  be  adopted.  It  seems  to  me  that  the  proper  definition 
for  gravel  is  as  it  occurs  naturally.  Just  last  month  I  was  attending 
upon  a  lawsuit  where  the  question  of  the  character  of  tlic  liallast  was 
in  dispute  and  around  which  the  question  centered,  and  it  was  a  question 
whether  it  was  a  gravelly  sand  or  a  sandy  gravel.  We  claimed  that  it 
was  the  best  that  could  be  obtained  in  that  locality  in  its  natural  condi- 
tion. If  this  Association  goes  on  record  as  saying  that  a  gravel  ballast 
is  a  mixture  of  a  certain  definite  quantity  of  sand  and  gravel,  it  seems 
to  me  we  are  going  along  the  wrong  lines. 

Mr.  Hanna : — I  would  say  the  idea  of  the  Committee  was  to  draw 
a  definite  line  between  what  was  sand,  what  was  gravel  and  what  was 
dust.  It  is  true  that  gravel  is  a  natural  deposit ;  so  is  sand  a  natural 
deposit.  Ordinarily  there  is  no  confusion  in  anybody's  mind  as  to  what 
these  things  are;  but  when  it  came  to  a  discussion  of  them  for  ballast 
purposes,  it  seemed  to  the  Committee  that  there  was  an  advantage  in 
having  some  definite  test  that  the  material  could  be  put  to,  which  would 
determine  which  class  it  would  go  into.  That  matter  would  have  been 
clearer,  I  think,  if  we  had  here  the  samples  of  the  material  itself,  which 
would  show  just  exactly  what  is  obtained  by  making  the  separation  by 
means  of  the  screens  we  have  named  in  these  definitions.  I  think,  in  the 
absence  of  the  actual  material  before  you  to  see  what  it  means  to  draw 
this  line,  that  it  is  very  difficult  to  convey  the  right  impression  about  it. 
We  had  intended  to  have  the  samples  here  so  they  could  be  seen.  In 
the  report  we  give  the  proportion  of  parts  of  gravel  and  sand.  I  am 
not  able  myself  to  say  just  what  led  to  these  particular  proportions.  They 
were  determined  by  Mr.  Paquette,  who  is  chairman  of  the  sub-committee, 
and  they  are  the  results  of  his  work  in  using  these  different  sizes  of 
screens.  The  idea  was  that  the  proportion  of  sand  should  be  as  large  as 
possible,  keeping  in  mind  the  desirability  of  filling  the  voids  between  the 
stones  of  the  gravel,  and  that  the  sand  should  not  be  in  large  enough 
proportion  to  permit  dust,  or  permit  the  sand  to  be  drawn  up  by  the 
air  going  along  with  a  moving  train.  At  high  speed  the  trains  would 
naturally  pick  up  particles  of  a  larger  size  than  slower  trains,  and  the 
idea  was  that  for  first-class  roads  there  would  not  be  enough  sand  to 
be  at  the  surface  of  the  gravel — naturally  the  finer  stuff  worked  down 
through. 

Mr.  Maurice  Coburn  (Vandalia  Line)  : — I  have  not  had  any  actual 
experience  with  washed  gravel,  but  I  have  recently  been  interested  in 
the  subject  and  m.ade  some  recommendations  for  our  road.  Our  gravel 
at  the  present  time  does  not  have  sand  enough  in  it  to  fill  the  voids  in 
its  natural  condition.  I  am  recommending  that  a  good  deal  of  the  sand 
be  removed.  I  think,  as  Mr.  Fritch  suggests,  that  the  percentage  of  sand 
recommended  is  too  high.  The  larger  the  amount  of  sand  the  more  dust 
we  are  going  to  have,  the  less  the  life  of  the  gravel  is  going  to  be  and 
the  poorer  the  drainage  we  are  going  to  have.  The  reason  for  washing 
the  gravel  is  to  secure  all  those  results.    With  us,  with  our  present  gravel, 
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the  dust  is  a  very  serious  matter  in  the  summertime.  I  am  very  glad 
to  read  what  the  Committee  has  had  to  say  about  the  comparison  between 
the  gravel  in  the  stone,  because  it  agrees  with  my  own  conclusions.  Our 
road  has  enough  traffic  so  that  we  have  built  some  double  track  and 
we  want  some  more  pretty  badly,  and  I  think  with  our  traffic  and  with 
the  prospective  traffic  for  a  good  many  years,  that  the  gravel  ballast  will 
give  us  first-class  track  for  considerably  less  than  we  will  have  to  pay 
using  stone,  and  we  have  both  stone  and  gravel  on  our  division.  Of 
course  there  may  be  some  cases  where  good  gravel  deposits,  suitable  for 
washing,  are  not  available  and  that  may  alter  the  conditions  very  much. 

Mr.  L.  C.  Fritch : — Going  back  to  the  subject  of  the  percentage  of 
sand,  1  will  say  that  our  road  has  had  considerable  experience  in  river 
gravel,  where  we  could  get  any  desired  quantity  of  sand,  and  our  practice 
has  been  to  limit  the  quantity  of  sand  to  25  per  cent.,  .which  gave  very 
good  results.  I  think,  for  high  speed  track,  anything  in  excess  of  that 
would  make  a  dusty  track. 

Mr.  Willard  Beahan  (Lake  Shore  &  Michigan  Southern)  : — Permit 
me  to  supplement  the  remarks  of  our  chairman  and  relieve  him  from 
doing  all  the  talking.  I  happen  to  be  one  of  the  gravel  sharks  on  this 
Committee,  and  the  results,  when  we  came  to  test  gravel  with  the  screen, 
were  surprising  to  me.  There  is  more  sand  in  gravel  than  one  would 
think.  If  you  should  screen  it  you  would  be  surprised  at  the  result.  I 
did  not  suppose  I  would  ever  advocate  40  per  cent.  sand.  We  arrived 
at  it  in  this  way :  We  mixed  the  gravel  up,  and  considered  how  it  com- 
pared with  the  gravel  from  our  washers  and  our  pits,  and  that  percentage 
represents  simply  the  prac^tical  judgment  of  the  gravel  men  on  your 
Committee.  It  is  not  the  sand  that  has  so  much  damaged  our  gravel. 
It  is  a  little  film  of  clay  that  surrounds  each  particle  of  gravel,  and  that 
is  the  thing  that  damages  our  pit,  our  own  gravel.  It  is  the  clay  wash. 
We  should  not  need  to  wash  gravel  at  all  if  it  was  simply  the  sand  to 
be  removed  from  it.  You  would  be  surprised  to  find  out  the  great  amount 
of  very  fine  material  there  is  in  pit-run  gravel,  not  altogether  clay,  but 
sand,  that  is  so  small  there  is  no  grit  to  it  at  all,  just  like  flour  or  dust. 
The  parts  of  the  pit-run  gravel  which  ruin  it  for  ballast  are  rather  a 
small  percentage  of  the  total  amount.  That  percentage  (40  per  cent.) 
was  arrived  at  by  observation  and  inspection,  after  we  had  screened  it 
carefully.  I  suspect,  if  you  gentlemen  would  take  the  screens  and  screen 
as  carefully  as  Mr.  Paquette  did,  you  would  find  resi^lts  that  would  sur- 
prise you  somewhat.  So  it  is  what  we  wash  away  irom  our  pit-run  gravel 
that  helps  the  washed  gravel.     It  is  not  what  we  screen  away  as  sand. 

We  do  not  pick  up  sand  on  our  trains.  On  the  Lake  Shore  Railroad, 
what  we  pick  up,  which  is  such  a  nuisance  to  trains,  is  a  fine,  impalpable 
powder  which  washing  removes. 

I  want  to  say  a  word  as  to  the  difference  between  gravel  and  sand. 
The  idea  of  the  Committee  was  that  that  old  definition  did  not  define 
at  all.  It  simply  said  sand  was  finer  than  gravel.  You  can  turn  it  around 
and  say  that  gravel  is  finer  than  sand,  and  what  do  you  know  more  than 
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you  knew  before?  If  you  wish  to  provide  a  basis  for  a  lawsuit,  all 
right,  leave  the  old  definition  there.  Our  judgment  was  that  we  ought 
to  say  something.  So  we  went  back  to  the  size  of  the  ring  we  used 
for  our  rock  ballast,  and  called  it  gravel  ballast  where  it  is  too  fine  for 
rock  ballast.     We  start  in  with  gravel  where  the  rock  ballast  leaves  off. 

Mr.  L.  C.  Fritch :— I  want  to  correct  the  statement  that  I  made,  that 
our  practice  has  been  to  use  25  per  cent,  sand;  that  was  our  practice 
several  years  ago.     We  have  now  gone   to  30  to  35  per  cent. 

Mr.  Lindsay : — 1  understand  the  motion  before  the  house  is  for  the 
adoption  of  the  Committee's  recommendation  in  regard  to  the  percentage 
of  sand  in  gravel.  I  move  you  that  we  lay  that  on  the  table  for  the 
moment  and  take  up  the  Committee's  recommendations  as  to  the  substi- 
tution of  its  definition  for  gravel  for  the  definition  in  the  Manual.  Let 
us  determine  what  will  be  called  gravel,  then  we  can  determine  wlTat 
kind  of  gravel'  to  use  for  the  different  classes  of  track.   ' 

(Motion  carried.) 

The  President : — The  Secretary  will  read  the  definition  of  gravel,  on 
page  132,  Bulletin  107. 

The  Secretary : — The  definition  submitted  by  the  Committee  as  a  sub- 
stitute for  the  one  now  appearing  in  the  Manual   is  as  follows: 

"Gravel. — Small  worn  fragments  of  rock  occurring  in  natural  depos- 
its, that  will  pass  through  a  2^-in.  ring  and  be  retained  upon  a  No.  10 
screen." 

The  definition  of  gravel  now  in  the  Manual  reads : 

"Gravel. — Small  worn  fragments  of  rock,  coarser  than  sand,  occurring 
in  natural  deposits." 

Mr.  Lindsay: — I  move  that  the  definition  for  gravel  be  rejected  and 
that  the  definition  in  the  Manual  be  retained. 

The  President : — Mr.  Lindsay's  motion  is  to  retain  the  definitioQ  as 
it  is  at  present  in  the  Manual  and  reject  the  one  suggested  by  the  Com- 
mittee.    Is   that    motion    seconded? 

(The  motion  was  not  seconded.) 

The    President: — Do  you   wish   to   take  up   the   definition   of   sand? 

Mr.  Lindsay : — I  would  move  that  "sand"  be  defined  as  follows : 
"Sand. — Any  hard  granular  comminuted  rock  material  which  will  pass 
through  a  No.  10  screen  and  be  retained  upon  a  No.  50  screeen,"  omitting 
the  words  "finer  than  gravel"  and  substituting  the  words  "passing  through 
a  No.  10  screen." 

Mr.  Hanna: — If  I  understand  Mr.  Lindsay's  motion  correctly,  the 
effect  of  it  would  be  to  take  off  the  upper  limit  on  gravel,  the  2i.4-in. 
ring. 

Mr.  Lindsay: — If  I  had  my  way  ;ihoul  it  I  would  change  slightly 
the  one  in  the  Manual,  but  not  radically. 

Mr.  Hanna : — If  you  make  sand  to  read  the  material  that  passes  a 
No.  10  screen  and  then  you  make  the  gravel  definition  all  material  that 
is  coarser  than  sand,  that  practically  leaves  the  No.  to  screen  as  the 
dividing  line  between  sand  and  gravel,  and  the  effect  on  the  gravel  defini- 
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tion  practically  is  that  there  is  no  limit  in  the  other  direction.  It  may 
be  as  large,  as  it  occurs,  as  a  man's  head,  or  the  size  of  the  body,  and 
that  would  be  unsuitable  for  ballast. 

Mr.  Lindsay : — If  I  had  my  choice  of  definitions  I  would  omit  the 
words  "coarser  than  sand"  from  the  Manual  definition.  Gravel  is  a  mix- 
ture of  small  particles  of  rock  and  sand,  and  when  we  come  down  to 
the  ultimate  conclusions  we  can  recommend  a  mixture  of  certain  sizes, 
with  a  certain  proportion  of  sand.  My  original  motion  was  for  the 
purpose  of  getting  discussion  and  not  for  taking  either  the  Manual  defi- 
nition or  the  Committee's  definition,  but  of  the  two  I  would  prefer  the 
Manual  definition.  When  it  is  time  to  take  up  the  Manual  definition,  I 
would  like  to  change  its  reading  to  that  extent. 

Mr.  Camp : — I  am  not  going  to  make  a  motion,  but  I  will  ask  the 
Committee  if  they  will  consent  to  let  the  definition  of  sand  stand  by  itself, 
and  the  definition  of  gravel  stand  by  itself;  that  is  to  say,  have  a  defi- 
nition for  sand  which  has  no  reference  to  gravel,  so  that  it  might  read 
something  like  this — just  as  Mr.  Lindsay  stated — "material  that  will  pass 
a  No.  lo  scf^een  and  be  retained  on  a  No.  50  screen."  Is  there  any 
objection  to  that? 

Mr.  Hanna : — We  have  no  objection,  as  far  as  sand  is  concerned,  but 
it  would  seem  to)  me,  unless  you  fix  a  limit  on  the  size  of  the  particles 
of  gravel,  you  might  as  well  not  fix  any  at  all.  The  whole  question  is 
whether  it  is  worth  while  to  have  any  line  drawn  between  them  at  all. 
As  a  matter  of  fact,  in  Nature,  where  the  sand  and  gravel  occur,  there 
is  no  line  drawn.  The  partieles  of  rock  are  of  all  sizes  and  they  differ 
from  one  another  by  infinitesimal  amounts,  and  you  can  start  with  the 
finest  particles  of  dust  and  get  up  to  the  largest  size  of  boulder  that  is 
known,  and  as  a  matter  of  fact  there  is  no  line.  The  only  question  is 
whether  in  considering  these  as  ballast  materials  we  want  to  draw  a  line. 
And  I  think  Mr.  Lindsay  is  wrong.  If  he  wants  to  draw  a  line  for  sand 
he  will  have  to  draw  it  for  gravel,  because  those  two  materials  shade 
into  one  another,  without  any  line  of  demarcation  except  what  you  arbi- 
trarily draw. 

Mr.  Camp: — I  do  not  think  I  was  understood  correctly.  I  am  in  favor 
of  drawing  a  line  between  gravel  and  sand,  and  when  we  define  sand  as 
material  passing  a  No.  10  screen  and  being  retained  on  a  No.  50  screen, 
it  seems  to  me  that  does  draw  a  line.  Now  if  in  the  definition  of  gravel, 
we  define  it  as  small  worn  particles  of  rock  which  will  pass  a  2''2-inch 
ring  and  be  retained  on  a  No.  10  screen,  we  will  not  include  boulders  as 
gravel.  As  I  understand  it,  we  are  defining  gravel  for  the  purpose  of 
ballast,  and  the  upper  limit  of  T-Yi  inches  seems  to  me  to  be  well  taken, 
at  least  so  far  as  ballast  is  concerned ;  and  I  am  of  the  opinion  that  the 
same  limit  would  be  an  acceptable  one  covering  gravel  for  concrete  and 
other  purposes.  Taking  pebbles,  on  the  one  hand,  and  boulders,  or  even 
cobble,  on  the  other,  there  is  an  intermediate  size<  above  which  the  frag- 
ment becomes  too  large  for  convenient  working  immediately  under  or 
between  the  ties.     If  2J/2   inches  might  be  considered   about  the  proper 
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upper  limit  of  size  for  broken  stone  ballast,  then  I  think  it  would  do 
very  well  for  gravel  ballast  also.  There  can  be  no  objection  to  making 
the  limit  an  arbitrary  one,  seeing  that  we  can  find  no  limit  at  all  if  we 
seek  to  establish  it  upon  any  other  basis.  As  Mr.  Hanna  well  says,  there 
is  no  line  drawn  in  Nature.  If  we  look  to  that  source  for  an  answer 
the  question  becomes  just  as  indeterminate  as  would  be  the  case  to  inquire 
when  a  pup  becomes  a  dog  or  when  a  pig  becomes  a  hog — there  is  room 
for  variety  of  opinion.  We  will  waste  time  if  we  strive  to  put  a  scientific 
aspect  on  some  of  these  commercial  questions,  which  can  best  be  settled 
on  practical  considerations. 

I  think  these  recommendations  of  the  Committee  are  very  important. 
In  the  conventions  of  this  Association  I  have  heard — I  do  not  know  how 
many  times — the  question  come  up  in  this  way:  Someone  would  express 
an  opinion  as  to  a  proper  limit  on  the  proportion  of  sand  in  gravel  ballast, 
and  right  away  some  inquisitive  fellow  would  propound  the  question : 
"Well,  what  is  sand,  and  what  is  gravel  ?" — and  there  we  were.  No  one 
seemed  to  know  exactly  what  he  was  talking  about,  because  he  could 
not  give  accepted  definitions  of  the  terms  he  was  using.  Necessarily 
there  must  be  definitions  for  these  materials  if  we  wish  to  discuss  them 
intelligently.  The  Association  must  have  some  standards  to  go  by.  When 
ballast  containing  such  and  such  proportions  of  gravel  and  sand  is  re- 
ferred to  in  our  proceedings  the  Association  is  compelled  to  define  what 
sand  is  and  what  gravel  is ;  and  in  these  definitions  of  the  Committee 
the  thing  is  done.  In  my  mind  the  only  question  is  whether  the  numbers 
of  the  screens  which  place  the  lower  and  upper  limits  on  these  materials 
are  of'  the  proper  mesh,  and  inasmuch  as  the  Committee  has  given  it 
a  good  deal  of  study,  I  assume  they  have  made  selections  of  about  the 
proper  degree  of  fineness.  I  agree  with  the  Committee,  except  that  I 
think  it  would  be  better  if  the  definition  for  sand  stood  by  itself  without 
reference  to  gravel,  and  if  the  definition  for  gravel  stood  by  itself  with- 
out reference  to  sand.  I  favor  drawing  a  line  sharply  between  them,  just 
as  the  Committee  does. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis): — 
There  is  another  Committee  which  will  probably  consider  the  definition 
of  sand,  and  it  is  possible  they  may  have  already  recorded  themselves 
in  the  Manual,  and  that  is  the  Committee  on  Masonry.  Are  we  to  un- 
derstand that  this  definition  of  sand  applies  to  ballast  only,  or  if  we 
adopt  it  to-day,  will  it  be  applicable  to  san<l  for  use  in  concrete  and 
masonry  also?  For  my  own  part,  I  would  be  perfectly  willing  to  see  it 
stand  for  both  uses,  as  amended  by  Mr.  Lindsay. 

Mr.  Hanna  : — Our  Committee  looked  at  this  from  the  ballast  point 
of  view  only.  I  think,  if  the  definition  is  to  stand  for  sand  for  use  in 
masonry,  the  Masonry  Committee  ought  to  have  something  to  say.  We 
do  not  claim  to  speak  for  them. 

Mr.  McDonald : — Then  they  should  define  sand  for  ballast. 

Mr.  L.  C.  Fritch : — iMr.  Lindsay  is  trying  to  find  the  lega' 
definition  of  gravel  and  sand  and  this  Committee  is  trying  to  point  out 
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to  us  what  would  be  good  practice  for  the  use  of  certain  materials,  for 
a  particular  purpose.  It  seems  to  me  the  two  are  separate  and  apart. 
I  favor  the  Committee's  outline. 

Mr.  Hanna: — One  point  Mr.  Camp  raised,  the  Committee  sees  no 
objection  to  considering  these  by  themselves,  but  at  the  same  time  even 
if  you  look  at  sand  by  itself  we  must  keep  in  mind  that  gravel  is  the 
next  thing  to  it,  unless  we  are  going  to  make  another  division  of  ballast 
material  and  call  it  something  else. 

Mr.  Lindsay: — I  think  in  defining  gravel  we  should  give  the  primary 
definition  of  it  as  it  occurs  in  Nature,  particles  of  comminuted  rock, 
boulders  or  pebbles,  whatver  you  may  call  it,  mixed  with  sand  or  clay. 

The  President : — The  question  is  on  the  definition  of  sand.  Mr. 
Lindsay's  amendment  is  to  eliminate  the  words  "finer  than  gravel"  and 
to  add  "will  pass  through  a  No.  lo  screen,"  so  that  the  amended  defini- 
tion would  read :  "Any  hard  granular  comminuted  rock  which  will  pass 
through  a  No.  lo  screen  and  be-  retained  upon  a  No.  50  screen." 

(Motion  carried.) 

The  President: — The  amendment  is  carried,  and  the  definition  of 
sand  will  be  according  to  Mr.  Lindsay's  amendment. 

Mr.  Camp : — That  suits  me  first  rate  for  the  definition  of  sand.  Now 
I  make  a  motion  that  the  definition  of  gravel  be  adopted  as  it  stands. 

(Motion  carried.) 

Mr.  Hanna : — I  believe  it  is  in  order  to  offer  a  motion  with  reference 
to  the  conclusions  on  page  160,  of  Bulletin  107.  I  would  move  that  t'he 
conclusions  offered  by  the  Committee  be  adopted. 

Mr.  Ewing : — I  second  the  motion. 

Mr.  J.  O.  Osgood  (Central  Railroad  of  New  Jersey)  : — I  would  like 
to  ask  why,  in  stating  proportions  of  gravel  and  sand,  it  is  thought  best 
to  make  them  specific  and  not  to  state  that  the  amount  of  sand  shall 
not  exceed  a  certain  percentage?  It  would  naturally  occur  to  me  that 
in  specifying  gravel  it  would  be  desirable  to  have  it  as  clean  gravel  as 
possible,  and  limit  the  amount  of  sand,  and  certainly  it  would  be  so  in 
regard  to  some  gravels,  even  under  the  specification  of  the  Committee. 
It  might  be  wiser  to  say  the  proportion  of  sand  shall  not  exceed  a  cer- 
tain amount  than  say  it  shall  be  such  an  amount,  as  is  specified  here. 

Mr.  L.  C.  Fritch : — I  would  like  to  amend  the  motion  by  changing 
class  A  to  read,  instead  of  40  per  cent.,  a  maximum  of  35  per  cent. ;  for 
class  B,  a  maximum  of  50  per  cent.,  instead  of  60  per  cent. 

Mr.  Maurice  Coburn : — I  agree  with.  Mr.  Fritch  in  his  recommenda- 
tion. On  our  road  we  pick  up  with  our  fast  trains  a  very  large  part 
of  the  material  which  is  classed  as  sand  by  the  Committee.  I  do  not 
think  our  trains  run  any  faster  than  those  on  the  Lake  Shore.  We  have 
gathered  some  samples,  and  I  am  pretty  sure  of  what  I  am  talking  about. 

Mr.  Hanna : — I  believe  that  Mr.  Fritch  is  under  a  misapprehension 
with  regard  to  the  Committee's  proportions.  Ten  parts  of  gravel  and 
three  parts  of  sand  would  make  13  parts  in  all,  so  the  three  parts  sand 
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is  little  less   than  25  per  cent.     I   confess   I   think  it   would  be  better   to 
put  it  in  the  shape  of  percentages. 

Mr.  M.  L.  Byers  (Missouri  Pacific)  :— In  regard  to  washed  river 
gravel,  there  should  be  a  minimum.  The  river  gravel,  with  insufficient 
sand  in  it,  acts  much  like  shelled  corn,  and  it  is  impossible  to  keep  the 
track  in  proper  shape.  We  have  had  some  experience  with  that,  with 
some  gravel,  that  I  think  contained  aliout  15,  or  possilily  20  per  cent, 
sand,  and  we  have  had  a  good  deal  of  trouble  to  maintain  the  track  with 
that  material.  Since  that  we  have  increased  the  percentage  of  sand  and 
find  the  result  very  much  better. 

Mr.  Beahan  : — Now,  if  the  gentlemen  who  are  talking  sand  and  gravel 
would  wash  their  material,  the  results  would;  be  difTerent.  You  hear  all 
sorts  of  reports.  "You  pick  up  sand."  You  don't  pick  it  up.  We  can't 
pick  it  up  'With  the  Twentieth  Century  Limited  at  100  miles  an  hour. 
We  have  washed  it  and  leave  a  certain  percentage  of  sand  in  the  ballast 
and  find  our  trains  pick  up  nothing.  What  is  the  use  splitting  hairs  on 
.5  per  cent.?  Did  you  ever  see  a  gravel  washer  that  could  run  within 
5  per  cent.?  You  cannoC  do  that.  .Again,  as  to  rolling  of  track  on  the 
washed  ballast.  Our  trainmasters  talked  of  this,  but  our  roadmasters 
never.  Our  track  ballasted  with  washed  gravel  does  stay  in  line.  It  is 
academic  to  say  washed  gravel  causes  ties  to  slide  on  the  ballast.  When 
we  wash  our  gravel  in  some  of  our  pits  we  have  to  waste  40  per  cent, 
in  order  to  get  down  to  the  screen  we  are  using;  in  another  about  70 
per  cent.  Of  course  that  is  exceptional.  We  have  another  pit  where 
it  will  produce  90  per  cent,  of  washed  gravel.  But  take  the  coarsest  of 
it ;  wc  have  never  had  a  track  go  out  of  line  one  particle.  There  may 
be  gravel  that  will  roll  under  the  ties,  but  we  do  not  have  it  in  this  part 
of  the  country.  The  trouble  we  have  is  to  get  the  clay  out  of  the  pit-run 
gravel,  and  we  have  to  wash  it  out.  There  may  be  something  like  tor- 
pedo gravel.  Many  of  these  thingsi  arc  academic :  and,  carrying  out  the 
simile,  if  you  will  take  it  into  your  laboratory  and  screen  it  you  will  find 
the  material  is. quite  different,  and  you  will  find  the  percentages  different. 
This  upper  limit  of  gravel  is  put  there  for  a  purpose.  In  running  our 
washers,  when  we  get  a  piece  of  gravel,  a  cobble  that  is  too  big  to  go 
through  that  ring,  we  crush  it,  and  if  by  accident  we  do  not  get  it  crushed 
fine  enough,  we  crush  it  again,  and  we  do  not  allow  anything  to  get  into 
it  that  will  not  go  through,  so  we  fix  the  limit  for  sizes  of  particles  for 
gravel,  both   upper  and  lower  limits,  with  our   screens. 

Mr.  Coburn : — I  think  there  is  some  difference  between  the  pit  gravel, 
such  as  we  have,  and  such  as  they  have  on  the  Lake  Shore,  and  the 
river  gravel,  such  as  some  of  the  roads  west  of  the  Mississippi  River 
have,  and  those  using  Mississippi  river  gravel  have.  I  will  say  to  Mr. 
Beahan  that  we  have  screened  our  gravel  and  have  made  some  laboratory 
tests. 

The  President : — The  question  is  on  the  amendment  to  change  the 
percentage  on  the  class  A  roads  from  40  per  cent,  to  a  maximum  of  35 
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per  cent. ;  on  class  B  roads  from  60  per  cent,  to  a  minimum  of  50  per 
cent. 

]\Ir.  Hanna  : — I  would  not  like  to  see  it  go  through  in  exactly  that 
form.  I  think  in  view  of  what  Mr.  Byers  has  said  about  hisi  experience 
— and  others  have  had  the  same — that  we  ought  to  have  a  maximum  and 
minimum  limit,  and  before  the  convention  finally  settles  on  this,  we 
ought  to  have  the  experience  of  other  roads  and  know  what  their  mini- 
mum limit  has  been,  what  has  proved  to  be  a  good  minimum  limit. 
Then  I  think  we  would  better  rewrite  this,  so  that  the  whole  recommenda- 
tion will  be  expressed  in  percentages  and  not  in  parts.  The  Committee 
will  do  that. 

Mr.  H.  R.  Safford  (Illinois  Central)  : — Our  experience  in  Mississippi 
river  gravel  has  taught  us  that  a  maximum  of  35  per  cent,  and  a  mini- 
mum of  28  per  cent,  sand  are  proper  limits.  We  started  out  with  a 
specification  of  25  per  cent.,  but  found  that  not  sufficient,  and  gradually 
increased  it  to  35,  and  with  that  character  of  gravel  we  find  no  trouble 
with  the  sand  being  picked  up  by  moving  trains.  Our  recommendation 
would   be   a   minimum   of  28,   maximum    of   35. 

(Mr.  Fritch's  motion  was  lost.) 

Mr.  Hanna : — I  do  not  like  to  see  the  thing  drop  there,  and  prefer 
to  get  a  more  definite  expression  of  the  convention  on  the  maximum 
and  minimum  question.  I  would  like:  to  have  a  vote  that  will  fix  those 
two  limits. 

Mr.  Camp : — Do  I  understand  from  the  Chairman  that  he  does  not 
wish  to  see  the  recommendations  go  through  as  they  stand? 

Mr.  Hanna : — Since  the  discussion  here  it  has  occurred  to  me  that  our 
own  statement  of  it  is  not  exactly  satisfactory,  and,  speaking  for  the 
Committee,  I  would  like  to  make  a  change  in  it.  We  think  our  maximum 
is  all  right,  but  we  have  not  stated  a  minimum  and  stated  it  clearly. 

Mr.  Camp: — Can  we  not  fix  it  up  right  now?  Take  Mr.  Safford's 
maximum  and  minimum  figures,  and  .".ee  if  the  convention  will  adopt  them. 

Mr.  M.  L.  Byers :— I  would  like  to  move  this  amendment,  that  for 
washed  river  gravel,  the  per  cent,  of  sand  shall  not  be  less  than  25  per 
cent. 

Mr.   Beahan: — May   I  ask  why  you  put  in  the  word  "river"? 

Mr.  M.  L.  Byers : — Because  there  is  a  difference  in  the  character  of 
the  gravel  between  river  gravel,  as  we  find  it  in  the  Mississippi  river, 
and  some  of  the  streams  flowing  into  that  river  from  the  west,  and  the 
gravel  in  the  terminal  moraines,  which  is  the  principal  source  of  supply 
east  of  the  Mississippi. 

Mr.  Osgood : — I  would  like  to  ask  the  gentleman  whether  he  intends 
to  fix  a  maximum  as  well  as  a  minimum. 

Mr.  M.  L.  Byers : — I  have  not  intended  to  fix  a  maximum,  but  a 
minimum  for  that  peculiar  class  of  gravel. 

Mr.  L.  C.  Fritch : — I  would  rather  see  this  question  referred  back 
to  the  Committee  and  some  further  tests  made  on  river  gravel  and  bank 
gravel. 
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Mr.  M.  L.  Bycrs : — With  that  end  in  view  I  will  withdraw  the  mo- 
tion. 

The  President: — Do  you  second  Mr.  Fritch's  motion? 

Mr.  L.  C.  Fritch : — I  made  no  motion;  simply  a  suggestion,  but  I 
will  move,  if  the  previous  motion  is  withdrawn,  that  the  recommendations 
of  the  Committee  for  ballast  for  the  different  classes  of  roads  be  referred 
back  to  it  to  give  us  further  recommendations. 

Mr.  M.  L.  Byers : — I  second  the  motion. 

(Motion  carried.) 

The  President : — The  Committee  on  Ballasting  is  relieved,  with  the 
thanks  of  the  Association. 


REPORT  OF  COMMITTEE   NO.   XIII— ON   WATER 
SERVICE. 

(Bulletin   107.) 
To  the  Members  of  the  American  Railway  Engineering  and  Maintenance 
of   Way  Association: 

Your  Committee  submits  herewith  the  report  of  its  proceedings 
and  work  accomplished   during  the   past  year. 

Meetings  were  held   as  follows : 

(i)  Tuesday,  July  7,  1908,  at  the  rooms  of  the  Association  in 
Chicago.  Those  present  were:  C.  L.  Ransom,  Robert  Ferriday,  G.  H. 
Herrold,  W.  i\.  Pownall  (representing  M.  H.  Wickhorst)  ;  A.  K.  Shurt- 
leflF,  former  Chairman  of  the  Committee,  was  also  present. 

J.  L.  Campbell,  J.  P.  Congdon  and  C.  A.  Morse  were  also  heard 
from  by  letter  in  reply  to  a  preliminary  report  sent  out  by  the  Chair- 
man  June  26,   1908. 

Mr.  Ferriday  was  asked  by  the  Chairman  to  draw  up  a  draft  of  a 
report  on  "The  Methods  of  Delivery  of  Water  to  Locomotives." 

(2)  Tuesday,  September  i,  igo8,  at  the  rooms  of  the  Associa- 
tion in  Chicago.  Those  present  were :  C.  L.  Ransom,  W.  A.  Pownall 
(representing  iM.  H.  Wickhorst),  Robert  Ferriday,  L.  P.  Rossiter;  A. 
K.  ShurtlefF,  former  Chairman  of  the  Committee,  was  also  present  for 
a  short  time. 

J.  L.  Campbell,  J.  P.  Congdon,  G.  H.  Herrold,  E.  G.  Lane  and 
C.  A.  Morse  were  also  heard  from  on  a  list  of  questions  sent  out  by 
the   Chairman  under  date  of  July  16,   1908. 

(3)  Friday,  November  6,  1908,  at  the  rooms  of  the  Association 
in  Chicago.  Those  present  were:  C.  L.  Ransom,  W.  A.  Pownall  (rep- 
resenting M.  H.  Wickhorst),  Robert  Ferriday,  G.  H.  Herrold;  A.  K. 
Shurtleff,  former  Chairman  of  the  Committee,  was  also  present  for  a 
short   time. 

L.  P.  Rossiter  and  J.  L.   Campbell  were  heard  from  by  letter. 

Mr.  Herrold  was  asked  by  the  Chairman  to  prepare  data  on  gen- 
eral layout  of  water  stations. 

The  previous  reports  of  this  Committee  have  dealt  largely  with 
the  question  of  water  treatment,  and  the  results  have  been  published 
in  the  Manual  for  1907,  pp.  235-239. 

In  Vol.  2  of  the  Proceedings,  pp.  219-226,  the  Committee  treated 
the  general  subject  of  water  service  quite  fully,  but  did  not  recommend 
any  conclusions  for  the  Manual.  This  general  treatment  has  been  con- 
sulted in  connection  with  the  report  of  your  Committee  submitted  here- 
with. 
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The  Committee  has  no  additions  or  changes  to  make  to  the  matter 
already  published  in  the  Manual  on  the  subject  of  water  treatment. 
The  attention  of  the  Association,  however,  is  called  to  the  article  by 
Mr.  J.  L.  Campbell,  published  in  Bulletin  91,  on  "Water  Treatment 
by  Electricity."  This  would  tend  to  show  that  the  question  of  elec- 
trical purification  is  one  that  will  require  further  study  before  it  is 
commercially  successful. 

It  is  also  the  opinion  of  the  Committee  that  the  question  of  water 
treatment  by  distillation  should  be  investigated. 

DEFINITIONS. 

The  question  of  definitions  is  one  that  the  Committee  has  not  gone 
into   extensively.      The    following    nomenclature    is    self-explanatory    and 
generally  understood : 
Pipe  Lines: 

Suction   Line — Leading  from  the  pump  to  the  source  of  supply. 
Discharge   Line — Leading   from    the    pump    to   the    storage   tank. 
Column    Supply    Line — Leading    from    the    storage    tank    to    water 
column. 
Storage  Tank,  Consisting  of: 

Foundation — That  portion  below  ground  line. 

Substructure — That    portion    resting   on    foundation    and    supporting 

the  tub. 
Tub — The   receptacle  holding  the  water. 
Outlet  Valve — The  valve  in  bottom  of  tub  controlling  the  delivery 

of  water  direct  to  locomotives. 
Spout  Outlet — The  pipe  leading  from  the  outlet  valve  to  the  tank 

spout. 
Tank   Spout — The  movable   device    for   delivery  of  water    from   the 

spout  outlet   to   the   locomotive. 
Track  Pan — Device  for  taking  water  while  locomotive  is  in  motion. 

HISTORICAL. 

The  attention  of  the  Association  is  called  to  the  very  interesting 
article  by  Mr.  C.  H.  Rice  on  "Historical  Notes  on  Water  Supply  on  the 
N.  Y.  C.  &  H.  R.  R.  R.."  piil)lislicd  in   Bulletin   100.     (Sec  Appendix  K.) 

OUTLINE  OF  SUBJECT  MATTER. 

The  work  assigned  to  the  Committee  by  the  Board   covers : 
(i)     The  relative  economy  of  different  fuels  used  in  pumping  water, 
with  the  relative  desirability  of  each. 

(2)  General  principles  of  water  supply  service  (water  treatment 
not  considered)    and   typical  installations  for  various   conditions. 

(3)  Report  on  various  types  of  track  tanks  with  designs  of  typical 
installations  and  critical  review. 
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The  Committee  has  interpreted  the  second  clause  to  mean  that  the 
Board  desires  the  elementar}'  principles  of  water  service  to  be  laid  down 
so  as  to  start  at  the  bottom,  for  publication  in  the  Manual.  This 
the  Committee  has  endeavored  to  do  and  suggests  in  the  report  lines  for 
further  investigation  in  later  reports. 

(i)     RELATIVE   ECONOMY    OF   DIFFERENT    FUELS. 

The  different  fuels  used  by  railroads  in  pumping  water  are  as  fol- 
lows :  Coal,  Gasoline,  Kerosene,  Distillate,  Fuel  Oil,  Artificial  Gas 
(from  municipal  plants  or  gas  producers),  Natural  Gas.  Compressed 
Air  and  Electric  Power  are  also  used  where  obtainable  from  other 
plants  or  where  duty  is  great  enough  and  conditions  favorable  to  their 
use. 

Circulars  were  sent  out  by  last  year's  Committee  to  all  members 
of  the  Association,  requesting  reports  on  the  relative  merits  of  the 
different  fuels.  Twenty-four  replies  were  received ;  of  these,  ten  were 
considered  of  sufficient  reliability  to  warrant  tabulation.  From  these 
reports,  which  are  given  in  Appendix  A,  deductions  were  arrived  at 
as  follows : 

(i)  That  gasoline  and  coal  are  the  only  fuels  that  were  in  com- 
mon enough  use  at  the  present  time  to  enable  a  report  on  their  relative 
economy  for  railroad  pumping  plants  to  be  made  by  the  Committee. 
The  Committee  recommends  that  further  investigation  be  made  as  re- 
gards the  use  of  Kerosene,  Distillate,  Fuel  Oil,  Artificial  Gas,  Natural 
Gas,  also  Compressed  Air  and  Electric  Power. 

(2)  That  the  reported  actual  consumption  of  fuel  by  the  average 
railroad  pumping  plant  is  larger  by  several  times  than  the  amounts 
which  should  be  consumed  according  to  the  tests  of  machinery  on  the 
testing  floor.  This  is  due  to  several  causes,  viz.,  the  small  size  of 
plant,  causing  the  percentage  of  efficiency  to  decrease;  careless  and  in- 
efficient employes ;  careless  and  inefficient  manner  in  which  accounts  are 
kept. 

(3)  That  the  actual  fuel  consumption  per  effective  horse-power  per 
hour  was  as  follows : 


Amounts  per  Effective  Horse-Power  per  Hour. 
Up  to  50  E.  H.P. 

Number  and  Description 
of  Tests. 

*Coal  Used,  Pounds. 

Gasoline  Used,  Gallons. 

10  Test?  Effective  H.P. 
From  1.37  to  4.61. 

24  Tests  Effective  H.P. 
From  0.51  to  4.67. 

67. 

0  98 

Minimum 

30. 

0.24 

50. 

0  50 

*Coal  ran  from  14,000  to  10,000  B.  T.  U.  per  lb. 


734  WATER    SERVICE. 

On  larger  plants,  for  which  only  a  few  tests  have  been  received, 
the  amounts  per  E.  H.P.  are  considerably  less,  although  the  ratio  re- 
mains  about    the    same. 

In  conformation  of  the  above  tests,  240  circulars  were  sent  out  to 
members  of  the  Association  and  the  replies  received  thereto  indicate 
that  the  conclusions  as  to  the  relative  amounts  of  coal  and  gasoline 
used  are  correct. 

In  connection  with  this  conclusion,  the  attention  of  the  Association 
is  called  to  the  article  on  the  relative  value  of  coal  and  gasoline  as  a 
fuel  for  railroad  water  stations,  by  Mr.  A.  K.  Shurtleff,  former  Chair- 
man of  this  Committee,  as  published  in  Appendix  H  of  this  report. 
This  article  is  a  very  valuable  contribution  to  the  information  existing 
on  this  subject,  and  as  it  is  the  result  of  long  and  jiractic-il  experience 
and  is  very  ably  prepared,  it  has  been  used  as  a  basis  by  the  Committee 
in  the  calculations   for   size  of  pumping  plants. 

The  conclusion  is  therefore  arrived  at  that  100  lbs.  of  coal  will 
do  the  same  work  as  one  gallon  of  gasoline ;  or  coal  at  $3  per  ton 
unloaded  in  the  pumphouse  bin  is  equivalent  to  gasoline  at  15  cents 
per  gallon  delivered  in   the  gasoline  storage  tank. 

The  relative  cost  of  repairs  and  depreciation  of  steam  and  gaso- 
line plants  is  a  question  on  which  the  Committee  has  not  been  able 
to  get  very  definite  figures.  The  figures  obtained,  however,  and  given 
in  Appendi.x  B,  indicate  that  there  is  not  a  great  deal  of  difference. 

Appendix  B-i  is  also  submitted,  showing  the  actual  cost  of  repairs 
to  gasoline  plants  per  one  thousand  gallons  pumped.  The  road  giving 
this  information  has  very  few  steam  plants,  and  figures  on  steam  plants 
as   a  comparison   were   not  obtainable. 

It  is  difficult  to  arrive  at  a  definite  conclusion  as  to  the  question 
of  labor.  Local  conditions  govern  largely  and  the  Committee  believes 
that  with  plants  of  the  same  capacity  the  labor  charge  would  be  the 
same  with  coal  as  with  gasoline.  This  conclusion  is  arrived  at  for  the 
reason  thatl  the  Committee  does  not  wish  to  recommend  that  a  gasoline 
engine  be  left  to  run  itself  without)  intelligent  supervision,  and  it  should 
have  nearly  as  much  as  a  steam  plant  has  to  have. 

In  conclusion,  the  Committee  would  recommend  that  the  selection 
of  steam  as  a  motive  power  be  made  in  accordance  with  the  following 
conditions: 

(A)  Where  100  lbs.  of  coal  unloaded  into  ;i  pumphouse  is  cheaper 
than  (  no  R.ill^n  of  gasdline  delivered  in  gasoline  storage  tank,  taking 
into  consid  ration  the  number  of  hours  the  plant  is  to  be  operated 
and  tl-e  location  of  plant  as  regards  delivery  of  fuel ;  special  atten- 
tion also  1  e'ng  paid  to  the  proper  design  of  pump  as  regards  size 
of  steam   and   water   cylinders   on    large   plants. 

(B)  Where  a  steam  plant  is  maintained  for  other  purposes,  as 
at  -terminals    where    shops    are    run   by    steam. 
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(C)  Where  interest  charge  on  plant  is  less  than  it  would  be  on 
a   gasoline  plant. 

The  selection  of  gasoline  as  a  motive  power  should  be  made  in 
accordance   with    the    following   conditions : 

(A)  Where  one  gallon  of  gasoline  delivered  in  gasoline  storage 
tank  is  cheaper  than  loo  lbs.  of  coal  unloaded  into  the  pumphouse. 
special  consideration  being  given  to  locations  remote  from  trackage 
and  isolated  stations  where  train  service  is  such  that  pumper  can, 
by  pumping  the  whole  of  his  time  between  trains,  do  the  pumping 
at    two   or    three    stations. 

(B)  Where  the  quality  of  the  water  is  such  that  it  will  necessi- 
tate heavy  boiler  repairs,  provided  boiler  compounds  cannot  be  sue 
cessfully   used. 

(C)  Where  interest  charge  on  plant  is  less  than  it  would  be  on- 
a  steam  plant. 

GENERAL    PRINCIPLES    OF    WATER    SUPPLY    SERVICE    AND 

TYPICAL  INSTALLATIONS   FOR  VARIOUS   CONDITIONS 

(WATER   TREATMENT    NOT   CONSIDERED). 

The  general   principles   of   water   supply    service   can   best   be    consid- 
ered by  taking  the    following   subdivisions   separately : 
(i)  Quantity   of   water   required. 

(2)  Sources   of   supply. 

(3)  Method  of  gatliering  supply. 
1,4)  Pumping    plants. 

(5)  Method   of   delivery    to    locomotives. 

(6)  Typical    installations. 

(7)  Methods   of   operation, 
(i)     Quantity  of  Water  Required. 

This  should  be  carefully  considered  in  accordance  with  the  follow- 
ing subdivisions : 

(A)  Amount  at  terminals. 

(B)  Amount  per  train  mile. 

(C)  Capacity  of  tanks. 

The  Committee  recommends  that  further  investigation  be  made  as 
to  the  quantities  of  water  required  under  the  above  headings  for  the 
various  classes   of  traffic  recognized  by  the   Association. 

(2)     Sources  of  Supply. 

All  waters  should  be  chemically  analyzed  and  this  analysis  consid- 
ered in  connection  with  the  decision  on  source.  The  data  on  water 
treatment  heretofore  published  in  the  Manual  should  be  referred  to  in 
making  this  analysis. 

The  Committee  recommends  that  a  supply  be  obtained,  if  possible 
within  economical  limits,  sufficiently  large  so  that  the  total  amount  of 
water  likely   to  be  required   during   the   average   volume   of   business    in 
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twenty-four  hours  can   be  drawn   from  the  source  in   four  hours   at  in- 
termediate stations  and  in  seven  hours  at  terminal  stations. 

CITY    WATER. 

Where  water  can  be  purchased  at  an  economical  figure  and  in  suffi- 
cient amount  and  of  suitable  quality,  this  source  of  supply  is  recom- 
mended above  all  others. 

SPRINGS. 

Springs  usually  furnish  a  supply  free  from  sediment.  Careful 
gagings  should  be  made  as  to  the  flow  of  springs  over  a  period  of 
at  least  one  year,  and  the  possibility  of  future  increase  considered,  be- 
fore they  are  adopted  as  a  permanent  source  of  supply. 

LAKES,     NATUR.'\L     PONDS,     CKEKKS     OR    RIVERS. 

These  sources  are  subject  to  pollution  by  organic  matter  and  may 
carry  a  large   amount   of  sediment. 

SURFACE    PUMPED    WELLS 

Dug  PVclls. — A  method  of  collecting  supply  where  water-bearing 
strata  are  of  a  thick  and  slow  filtering  material.  The  limit  of  depth  to 
be  determined   by  the  necessity  of  supply  and  expense  involved. 

Surface  Pipe  Wells. — This  is  a  method  of  collecting  supply  where 
water-bearing  strata  are  porous  and  heavily  charged  with  water,  which 
stands  within  suction  distance  of  pump  location.  The  screens,  points 
or  strainers  may  be  subject  to  corrosion  or  incrustation,  but  are  easily 
repaired.  This  type  of  well  has  the  advantage  of  affording  additional 
supply  by  the  construction   of  additional  wells. 

ARTESIAN     WELLS. 

If  obtainable,  this  source  of  supply  is  desirable,  especially  if  the 
water  on  reaching  the  surface  has  sufficient  head  to  force  itself  into  the 
storage  tank. 

DEEP     WELLS     PUMPED. 

This  class  of  well  is  a  last  resort  and  should  never  be  used  when 
any  other  system  can  be  devised  at  anywhere  near  a  reasonable  expense. 
The  deep  wells  are  very  expensive,  both  as  to  construction  and  mainte- 
nance, and  are  generally  out  of  service  a  portion  of  the  time  under- 
going  repairs. 

METHOD   OF   GATHERING    SUPPLY. 

Springs. — The  style  of  construction  of  reservoir  or  intake  is  largely 
a  matter  for  local  consideration.  Springs  should  be  covered  so  as  to 
keep  out  organic  matter.  If  the  spring  is  at  a  suitable  elevation,  so  that 
a  gravity  supply  can  be  arranged,  and  there  is  no  danger  of  shutting 
off  the  supply,  and  the  character  ui  ihe  ground  will  permit,  it  is  well 
to  excavate  and  wall  the  spring  to  serve  as  a  collecting  reservoir. 

Lakes,  Natural  Ponds,  Creeks  or  Rivers. — These  sources  require  spe- 
cial   investigation    for    each    case.      In    making    this    investigation    special 
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consideration  should  be  given  to  future  pollution,  sediment  and  riparian 
rights. 

The  existence  of  organic  matter  in  excess  will  cause  foaming  and 
is  to  be  avoided,  as  it  cannot  be  removed  by  any  practical  process. 

The  existence  of  sediment  involves  the  construction  of  a  filter  or 
a  setthng  basin.  The  question  of  filters  is  a  problem  in  itself  and  the 
Committee  recommends  that  it  be  taken  up  as  a  separate  subject  in 
later  reports.  The  size  of  settling  basins  is  the  principal  thing  to  be 
determined  and  the  following  data  are  required : 

(i)  How  long  does  the  water  have  to  stand  at  different  depths 
at  the  time  of  year  when  it  contains  the  most  sediment  in  order  to 
clarify. 

(2)  Maximum  quantity  of  water  to  be  used  in  24  hours. 

(3)  Topography  and  character  of  soil  at  proposed  location  to  de- 
termine whether  basin  can  be  on  top  of  ground  or  submerged. 

The  location  of  settling  basin  above  the  natural  ground  facilitates 
the  cleaning  out  of  the  sediment,  and  when  same  can  be  combined  with 
the  storage  tank,  a  very  cheap  and  satisfactory  solution  of  the  matter 
is  found.  This  combination  avoids  the  necessity  of  a  second  pumping 
plant  where  the  initial  pumping  plant  is  of  such  a  character  as  will 
handle  water  carrying  sediment. 

The  location  of  settling  basin  below  the  natural  ground  generally 
permits  the  unclarified  water  to  enter  by  gravity  and  only  the  clarified 
water  is  handled  by  the  pumping  plant.  It  should  be  so  constructed  as 
to  exclude  any  undesirable  ground  waters.  It  has  the  disadvantage 
of  requiring  cleaning. 

Dug  Wells.— 'Ho  dug  well  should  be  started  until  careful  tests  have 
been  made  at  the  proposed  site  with  an  auger  to  determine  probable 
depth  and  character  of  water-bearing  strata.  The  size  "of  the  well  re- 
quired will  depend  upon  the  porosity  and  thickness  of  the  water-bear- 
ing strata,  no  definite  rule  for  which  can  be  given.  For  locomotive 
service  the  minimum  inside  diameter  should  be  8  ft.,  with  18  in.  walls, 
and  the  maximum  diameter  should  be  30  ft.,  with  30  in.  walls.  The 
material  for  walls  may  be  brick,  rubble  stone  or  concrete.  The  latter 
is  the  preferable  on  account  of  its  being  more  readily  tied  together  with 
rods,  so  that  it  will  not  part  in  sinking.  The  portion  to  be  located  m 
the  water-bearing  strata  should  be  perforated  with  holes  made  by  build- 
ing pipes  into  the  wall.  If  rubble  or  brick  is  used  it  can  be  laid  dry 
for  the  portion  which  will  be  located  in  the  water-bearing  strata  and  in 
cement  for  the  balance.  The  caisson,  or  cutting  edge,  should  be  a 
wedge-shaped  shoe  built  up  of  3  in.  or  4  in.  plank  the  same  height  as 
the  width  of  the  wall.  A  sheet  iron  cutting  edge  should  be  added 
where  hard,  tough  clay,  boulders  or  timber  are  likely  to  be  encountered. 
In  this  caisson,  or  cutting  edge,  should  be  fastened  %-in.  to  i  in.  round 
iron  anchor  rods,  not  over  2  ft.  center  to  center,  and  extending  from 
top  to  bottom  of  wall. 
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Surface  Pipe  Wells. — The  drawing  in  Appendix  F  shows  the  style 
of  pipe  wells  recommended  and  gives  the  details  of  construction.  These 
can  be  located  close  to  the  pump,  or  each  other,  or  at  some  distance 
and  scattered  over  a  large  area  where  necessary,  in  order  to  get  a  suffi- 
cient supply  of  water. 

Deep  Wells. — The  construction  of  artesian  deep  wells  and  pumped 
deep  wells  is  the  same,  with  the  addition  to  the  latter  of  working  or 
pump  barrel,  drop  pipe  and  pump  rods,  and  is  shown  in  Appendix  G. 
Before  the  construction  of  a  deep  well  is  begun,  investigations  should 
be  made  of  all  wells  in  the  vicinity  to  determine  the  probable  depth  and 
strata  to  he  passed  through.  It  is  also  well  to  consult  the  Government 
Geological  Charts,  where  any  exist,  as  valuable  information  can  frequently 
be  obtained  from  them.  The  depths  of  the  various  sizes  of  pipe  can, 
of  course,  only  be  determined  as  the  well  is  put  down.  It  is  recom- 
mended that  where  the  depth  is  expected  to  reach  500  ft.  or  more  and 
no  reliable  data  are  on  hand  in  regard  to  the  strata  to  be  passed  through, 
that  a  start  be  made  with  12  in.  pipe.  The  use  of  a  drop  pipe  in  all 
pumped  deep  wells  is  recommended.  In  the  completion  of  a  pumped 
deep  well  it  is  recommended  that  the  drop  pipe  be  first  lowered  so  that 
the  cylinder  is  just  submerged  and  then  tested  for  capacity  of  well.  If 
this  proves  insufficient,  lower  another  length,  and  retest,  and  continue 
this  until  the  desired  supply  is  obtained.  In  this  way  the  size  of  the 
pumping  plant  can  be  more  readily  determined. 

PUMPING   PLANTS. 

The  size  of  plant  is  the  first  question  to  be  considered.  The  Com- 
mittee recommends  that  if  sufficient  water  is  obtainable  the  plant  should 
I)e  of  such  size  that  the  amount  of  water  as  shown  by  the  following 
table  can  be  pumped : 


Terminal  Stations. 

Intermediate  Stations. 

Quantity  per  24 

Hrs.  in  Gallons. 

Time  Pump  to 

Gallons  per 

Time  Pump  to 

Gallons  per 

Run  in  24  Hrs. 

Minute. 

Run  in  24  Hrs. 

Minute. 

2,000,000 

20  Hours 

1,666 

20  Hours 

1,666 

1,750,000 

20  Hours 

1,458 

20  Hours 

1,458 

1 ,500,000 

20  Hours 

1,250 

20  Hours 

1,250 

1,250,000 

20  Hours 

1,042 

20  Hours 

1,042 

1 ,000,000 

20  Hours 

833 

20  Hours 

833 

900,000 

20  Hours 

733 

20  Hours 

733 

800,000 

20  Hours 

666 

20  Hours 

066 

700,000 

20  Hours 

583 

20  Hours 

583 

600,000 

20  Hours 

500 

_ 

10  Hours 

1,000 

500,000 

7  Hpurs 

1,189 

10  Hours 

833 

450,000 

7  Hours 

1,071 

10  Hours 

750 

4000,00 

7  Hours 

928 

10  Hours 

666 

350,000 

7  Hours 

838 

10  Hours 

583 

300,000 

7  Hours 

714 

10  Hours 

500 

2^0,000 

7  Hours 

595 



210,000 

7  Hours 

476 

4  Hours 

1,041 

150,000 

7  Hours 

357 

4  Hours 

833 

100,000 

7  Hours 

238 

4  Hours 

625 

50,000 

7  Hours 

119 

4  Hours 

416 

25,000 

7  Hours 

60 

4  Hours 
4  Hours 

208 
104 
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At  plants  where  it  is  necessary  to  run  twenty  hours  duplicate  ma- 
chinery should  be  provided. 

The  quantity  of  water  to  be  delivered  having  been  decided  upon  the 
next  question  that  arises  is  the  size  of  discharge  pipe  needed.  The 
following  formula  is  submitted  for  this  determination.  The  constants 
given  will  vary  slightly  with  local  prices,  but  the  percentage  will  be  so 
small  that  this  feature  can  be  neglected : 
Method  to  Determine  Economical  Proportion  of  Discharge  Pipe  Lines. 

C  =  Cost  of  main  per  lin.  ft.  laid,  assumed  as  follows,  with  pipe  at 
$25.00  per  net  ton :  4  in.  at  65c,  6  in.  at  8oc,  8  in.  at  95c,  10  in.  at  $1.20, 
12  in.  at  $1.50,  14  in.  at  $2.15. 

I  =  Interest  on  one  dollar  for  one  day  at  6  per  cent,  per  annum  = 
$0.000164. 

P  =  Cost  of  fuel  only  to  raise  1,000  gallons  of  water  i  ft.,  assumed 
at  $0.0003  per  1,000  gallons,  on  a  basis  of  coal  at  $2.00  per  ton,  or  gaso- 
line at  15c  per  gallon  (from  actual  tests). 

Qd  =  Average  quantity  of  water  to  be  pumped  per  24  hours  in  1,000 
gaMons. 

Qm  =  Gallons  per  minute  plant  is  to  handle. 

H  =  Friction  head  in  feet  for  i  ft.  of  pipe  for  quantity  of  water 
plant  is  to  handle  per  minute. 

D  =  Inside   diameter,  cast-iron   main. 

D  =  is  economically  proportioned  where  the  interest  cost  of  pipe  in- 
vestment per  day  =  daily  cost  of  fuel  overcoming  the  friction  head,  or: 
IXC  =  P  X  QdX  H. 

Substituting  for  C,  I  and  P  the  values  assumed  above  and  solving 
for  Qd  and  H  for  different  sized  pipes,  the  following  is  obtained : 
Use  4  in.  Cast-Iron  Pipe  where  Qd  X  H  =  0.355 
Use  6  in.  Cast-iron  Pipe  where  Qd  X  H  =  0.437 
Use  8  in.  Cast-iron  Pipe  where  Qd  X  H  =  0.519 
Use  10  in.  Cast-iron  Pipe  where  Qd  X  H  =  0.656 
Usfe  12  in.  Cast-iron  Pipe  where  Qd  X  H=  0.820 
Use  14  in.  Cast-Iron  Pipe  where  Qd  X  H  =  1.162 

The  number  of  gallons  per  minute,  size  of  discharge  pipe,  and  static 
head  being  known,  we  can  determine  the  effective  horsepower.  The  various 
tables  for  friction  in  water  pipes  can  be  used  in  substituting  in  the  above 
formula  and  in  determining  the  friction  head.  It  is  well  to  add  about 
50  per  cent,  to  the  friction  head,  as  per  tables,  in  calculating  the  friction 
head  for  the  proposed  plant  to  provide  for  incrustation  ot  pipe  lines, 
especially  if  the  water  to  be  pumped  has  been  treated. 

The  following  formula  is  a  short  method  of  obtaining  the  Effective 
Horsepower    (E.  H.P.)  : 

^_  _        Gallons  Per  Minute  X  Static  Head  and  Friction  Head  in  Feet. 

E.      H.P.   = : . 

4,000 

The  4,000  should  properly  be  3,960,  but  the  former  figure  is  suffi- 
ciently accurate  for  practical  purposes. 
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The  only  style  of  plants  to  be  considered   in  this    report,   as  before 
stated,  are  steam  and  gasoline. 


Where  steam  is  used  as  power  the  question  of  the  most  economical 
boiler  must  be  considered.  This  is  a  question  which  the  Committee 
has  not  been  able  to  analyze  as  thoroughly  as  it  is  thought  it  should 
be,  and  it  is  recommended  that  this  question  be  gone  into  more  thor- 
oughly by  future  committees,  especially  for  small  plants,  5  to  25  H.P. 
The  types  which  seem  to  find  the  most  favor  are  the  locomotive  fire- 
box type,  manufactured  in  sizes  15  to  25  H.P.,  and  the  vertical  sub- 
merged flue  type,  manufactured  in  sizes  5  to  50  H.P. 

Other  types  may  be  used  as  follows : 

Horizontal  Tubular  or  Return  Flue. — Manufactured  in  sizes  from  10 
to  150  H.P.  These  require  a  brick  setting,  but  are  believed  to  be  more 
economical  in  fuel  consumption  than  those  in  general  use.  There  is 
a  portable  boiler  of  this  type  manufactured  in  sizes  4  to  25  H.P.,  which 
should  be  investigated. 

Vertical  Tubular-Full  Length  Tubes. — Manufactured  in  sizes  5  to  50 
H.P.     The   particular   merits   of   this   not    investigated. 

Vertical  Single  Flue. — These  have  advantages  in  the  repair  item  and 
not  requiring  as  constant  attention  as  tubular  boilers.  Their  merits  as 
to  economy  are  not  investigated. 

Internally-Fired  or  Scotch. — Manufactured  in  sizes  10  to  100  H.P. 
The  relative  merits  of  this  type  have  not  been  investigated.  They  are 
used  largely  in  marine  work  and  great  economy  is  claimed. 

Horizontal  Water  Tube. — These  require  a  brick  setting.  Where 
plants  are  of  suflficient  size  they  might  be  useful. 

Vertical  Water  Tube. — These  also  require  brick  setting.  In  large 
enough  plants   great   economy   is   claimed. 

The  following  items  should  be  taken  into  consideration  in  the  selec- 
tion of  a  boiler:  Kind  of  water,  kind  of  fuel,  location  of  plant  as 
regards  availability  of  labor  for  repairs,  and  size  of  plant. 

Boilers  should  be  constructed  to  carry  100  lbs.  pressure  for  Railroad 
Pumping  Plants.  Assuming  this  100  lbs.  as  boiler  pressure  with  a 
reasonable  layout  of  piping,  we  would  get  about  90  lbs.  pressure  in  our 
pump  cylinders.  From  the  formula  previously  given  the  E.  H.P.  has 
been  obtained.  Assuming  the  pump  efificiency  as  66^3  per  cent.,  the  I.  H.P. 
will  be  50  per  cent,  more  than  the  E.  H.P.  In  order  to  obtain  the  size 
of  boiler  required,  the  amount  of  water  necessary  to  be  evaporated  must 
be  obtained.  Using  the  diagram  No.  i  by  Mr.  Shurtleff,  Appendix  H, 
the  pounds  of  feed  water  at  65  degrees  F.— Equivalent  Evaporation  from 
and  at  212  degrees  F.,  required  per  I.  H.P.  hour  for  the  assumed  value 
of  cylinder  pressure  (90  lbs.)  is  obtained  at  44  lbs.  Multiplying  this 
44  lbs.  by  the  I.  H.P.  gives  the  total  pounds  of  feed  water  at  65  degrees 
to  be  evaporated. 
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One  sq.  ft.  of  boiler  heating  surface  is,  according  to  the  Am.  Soc. 
of  M.  E.  Standards,  capable  of  the  evaporation  of  3.45  lbs.  of  water 
from  and  at  212  degrees  F.  This  is  known  as  the  standard  evaporation 
or  W.  In  order  to  obtain  the  number  of  pounds  of  feed  water  at  65 
degrees  F.  (the  assumed  temperature)  which  can  be  evaporated  and 
made  into  steam  at  100  lbs.  pressure  (the  recommended  boiler  pressure) 
the  following  calculation  is  necessary: 

To  evaporate  i  lb.  of  water  under  atmospheric  conditions  from  and 
at  212  degrees  F.  requires  965.66  B.  T.  U. 

Feed  water  at  65  degrees  contains  33.12  B.  T.  U.  ="h. 

Steam  at  100  lbs.  pressure  has  a  temperature  of  316  degrees  and 
contains   1,178.3   B.  T.  U.  =  H. 

H  — h 

Therefore  we  will  require  W -; =  pounds  of  water  per  sq.  ft. 

965.66 
of  heating  surface   which   can   be   evaporated   from   65   degrees   F.   to    loo 
lbs.  steam  pressure. 

Inserting  the  values  of  H  and  h  the  equation  becomes : 
1,178.3  —  33.12 

3.45-^ =  3.45^1.193=2.88   lbs.   of   water   evaporated 

965.6 
per  sq.  ft.   of  heating  surface  with   feed  water  at  65  degrees  F.  to  steam 
at   100  lbs.   pressure. 

The  total  water  to  be  evaporated  divided  by  this  2.88  lbs.  gives  the 
sq.  ft.  of  heating  surface  required  for  the  boiler.  To  this  should  be 
added  25  per  cent,  for  contingencies,  such  as  poor  fuel,  lower  feed 
water  temperature,  poor  insulation  of  boiler  and  piping,  etc. 

Most  boiler  manufacturers  list  their  boiler  as  a  certain  number  of 
H.P.,  and  in  the  majority  of  cases  this  H.P.  rating  is  based  on  10  sq.  ft. 
of  heating  surface  per  H.P.  of  boiler,  so  that  the  square  feet  of  heating 
surface  of  any  boiler  is  readily  found.  Where  the  boilers  are  not  so 
listed  it  will  be  necessary  to  calculate  the  heating  surface  in  the  boiler 
proposed. 

Appendix  I  gives  in  tabular  form  the  boiler  horsepower  required  for 
assumed  conditions  per  E.  H.P.  from  i  to  15  for  vertical  and  locomotive 
type  boilers. 

The  ratio  of  grate  area  to  heating  surface  varies  considerably  with 
the  size  and  kind  of  boiler,  and  as  this  is  always  given  in  boiler  cata- 
logues and  is  a  detail  of  boiler  design  it  is  not  gone  into  in  this  discus- 
sion. The  questions  of  water  heaters,  boiler  feed  pumps,  injectors, 
stacks  and  all  details  of  boiler  design  have  not  been  considered  by  the 
Committee. 

Gasoline  Engines. — Where  gasoline  is  used  as  power,  on  account  of 
the  high  speed  of  gasoline  engines,  it  is  always  necessary  to  reduce  this 
speed  by  means  of  geared  or  belted  connections  for  the  operation  of 
the  pump.     The   Committee   recommends   that   gearing   having   cut   teeth 
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in  preference  to  belting  be  used  for  this  purpose  and  that  a  friction 
clutch  be  introduced  in  order  to  be  able  to  start  the  engine  with  no 
load ;  all  of  this  machinery  to  be  mounted  on  one  substantial  base  and 
foundation  with  the  engine  so  as  to  prevent  same  getting  out  of 
line.  Tlie  power  should  then  be  transmitted  to  the  pump  by  a  shaft 
making  the  same  speed  as  the  pump.  In  this  way  the  pump  can  be  set 
some  distance  from  the  engine,  this  generally  being  desirable  on  account 
of  location  of  pumps  in  pits.  This  layout  avoids  the  troubles  incident 
to  a  high-speed  shaft  getting  out  of  line. 

Gasoline  engines  are  usually  sold  on  a  brake  horsepower  basis.  In 
order  to  obtain  the  proper  size  we  should  add  lOo  per  cent,  to  E.  H.P. 
for  friction  in  pump  and  for  safety  factor.  This  is  based  on  66^  per 
cent,  efficiency  in  the  pump  and  gearing  and  using  75  per  cent,  of  the 
power  of  the  engine. 

There  are 'in  general  two  ditTercnt  classes  of  pumping  plants,  viz., 
Surface  Pumping  Plants  and  Deep  Well  Pumping  Plants. 

SURFACE   PUMPING    PLANTS. 

These  are  plants  where  the  suction  lift  is  such  that  the  pump  cylin- 
der can  be  placed  at  the  surface  of  ground  or  in  a  pit  of  moderate  depth. 

Surface  Steam  Pumps. 

Where  steam  is  used  as  a  motive  power  the  duplex,  simple  steam 
expansion,  double-acting  pump  seems  to  be  the  most  largely  used,  and 
it  is  believed  to  be  the  most  economical  for  the  size  of  plant  generally 
used  in  railroad  pumping  plants.  No  figures  were  obtainable  for  other 
types  of  pumps,  as  this  is  the  kind  generally  used.  The  size  of  water 
cylinder  is  obtained  from  the  quantity  to  be  pumped  per  minute,  assum- 
ing 70  strokes  or  35  revolutions  per  minute  for  each  cylinder.  The 
efficiency  of  pump  should  not  be  taken  as  over  66?^  per  cent. 

The  ratio  of  water  to  steam  cylinders  should  be  as  large  as  prac- 
ticable. The  boilers,  as  before  noted,  should  be  constructed  to  carry 
100  lbs.  pressure.  With  this  and  a  reasonable  layout  of  steam  piping 
we  can  get  90  lbs.  steam  pressure  in  cylinder.  Assuming  this  initial 
cylinder  pressure  and  knowing  the  total  water  pressure  we  obtain  pounds 
cylinder  pressure  and  knowing  the  total  water  pressure  we  obtain  pounds 
of  cylinder  pressure  per  pound  of  water  pressure.  Using  the  Diagram 
No.  4,  Appendix  H,  by  Mr.  Shurtleff,  we  obtain  the  highest  ratio  of  water 
to  steam  cylinder  possible  for  the  assumed  efficiency  of  66yi  per  cent. 
Then  from  Diagram  No.  3,  knowing  the  size  of  our  water  cylinder,  we 
obtain  the  size  of  the  steam  cylinder. 

Power  Pumps. 

In  the  case  of  gasoline,  where  pump  and  engine  can  be  placed  on 
the  same  level,  the  triple  single-acting,  duplex  double-acting  and  for 
small  plants  the  combined  engines  and  pumps  are  very  desirable  devices. 
Where  the  pump  must  be  at  a  lower  level   than  the  engine  the  double- 
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acting  single  cylinder  connected  to  shaft  by  means  of  face  plate  and 
pitman  should  be  used.  This  face  plate  should  be  provided  with  several 
different  wrist  pin  poles  so  as  to  vary  the  length  of  stroke.  The  follow- 
ing lengths  of  pitman  and  strokes  per  minute  are  recommended,  based 
on  the  stroke  length  as  four  times  the  length  of  the  stroke  with  a 
minimum  length  of  6  ft.  and  a  piston  speed  of  70  ft.  per  minute : 
For  Stroke  12  in.,  Pitman  Length  6  ft.,  No.  strokes  per  minute,  70 
18  in.        "  "         6  ft.,    "  "  "  "        46 

"      24  in.        "  "         8  ft.,    "  "  "  "        35 

"  "      30  in.        "  "        ID  ft.,    "  "  "  "        28 

"  "      36  in.        "  "        12  ft.,    "  "  "  "        23 

The  piston  speed  above  given  is  much  less  than  that  generally 
quoted  in  pump  catalogues,  but  is  the  recommendation  of  an  old  and 
experienced   pump   manufacturer. 

The  design  of  the  pump  should  be  such  that  the  pitman  cross- 
head  guide  rods  are  perfectly  rigid,  top  and  bottom,  and  large  enough 
to  prevent  any  lateral  motion  of  the  cross-head  and  consequent  piston 
wear.  The  foundation  for  the  pump  and  face  plate  should  be  designed 
so  that  both  will  be  perfectly  rigid.  It  is  well  to  use  I-beams  anchored 
in  the  side  walls  of  the  pump  pit  for  both.  The  pump  can  be  anchored 
to  these  by  use  of  a  bar  underneath,  with"~long  bolts  through  the  pump 
base  and  bar,  thus  avoiding  drilling  of  holes  in  I-beams  and  rendermg 
the  lining  of  pump  to  fit  the  shaft  a  simple  matter. 

DEEP    WELL    PUMPING    PL.'VNTS. 

These  are  plants  where  the  suction  lift  is  such  that  the  pump  cylin- 
der or  working  barrel  has  to  be  placed  inside  of  pipe  well  at  a  con- 
siderable distance  below  ihe  surface  of  the  ground  so  as  to  render  the 
construction  of  a  pump  pit  impracticable. 

Appendix  G  shows  the  layout  below  the  floor  of  pumphouse,  and 
this  is  analyzed  under  the  head  of  "Deep  Wells."  The  steam  pumping 
plant  seems  to  give  the  best  satisfactidh  for  this  class  of  well,  for  the 
reason  that  its  operation  is  without  the  shock  attendant  on  the  operation 
of  a  rigidly  connected  gasoline  engine  outfit,  although  the  latter  are 
successfully  used  in  many  plants. 

The  steam  head,  or  artesian  well  pumping  engine,  as  it  is  generally 
called,  is  made  in  various  sizes.  The  stroke  varies  from  18  in.  to  36  in. 
The  ^i'^  in.  stroke  is  the  one  generally  used  where  water  supply  is 
sufficient.  These  engines  should  be  provided  with  displacement  plungers 
in  order  to  keep  flow  of  water  uniform  and  prevent  shock.  They  should 
also  be  so  designed  that  the  engine  can  easily  be  removed  and  discon- 
nected from  the  pump  rod  to  facilitate  working  barrel  repairs. 

The  size  of  the  deep  well  pumping  engine  cylinder  can  be  obtained 
in  the  same  manner  as   described   under   the    head   of    "Steam    Pumps." 
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The  piston  speed  of  this  class  of  pump  should  be  60  ft.  per  minute,  mak- 
ing the  speeds  as  follows : 

Stroke  12  in.,  No.  strokes  per  minute,  60.  No.  cylinder  discharges,  30 

"       18  in.,    "  "           "  "        40.  "          "                  '■           20 

24  in.,    "  "            "  "         30.  "           "                  "            15 

u        ^|„       «  «              «  ..           24.  "             "                       "              12 

"      36  in.,    '■  "  "         ■'        20.      "  "  "  10 

'1  lie  .speed  gi\eii  is  nnicli  less  than  tliat  generally  quoled  in  pump 
catalogues,  but  is  the  recommendation  of  .m  old  and  experienced  pump 
manufacturer. 

Where  gasoline  engines  are  used  their  size  can  be  obtained  the 
same  as  before  outlined,  and  the  style  should  be  the  same  as  recom- 
mended  for  surface  wells  with  pump  below   level  of  pumphouse   floor. 

PUMPHOUSES. 

The  pumpliouses  for  intermediate  stations  should  be  built  of  non-com- 
bustible material,  viz.,  concrete,  stone  or  brick.  The  pump  pits  should 
be  made  waterproof,  if  possible,  at  reasonable  expense.  For  steam, 
plants  a  coal  storage  bin  should  be  provided  that  will  hold  at  least  a 
car  and  one-half  of  coal.  The  design  of  this  will  depend  on  local  con- 
ditions in  regard  to  the  keeping  qualities  of  the  coal  and  source  of 
supply.  For  gasoline  plants  a  gasoline  storage  tank  located  in  a  fire- 
proof pit  at  a  distance  of  at  least  twenty-five  feet  from  the  engine 
should  be  provided.  The  capacity  of  this  tank  will  depend  entirely  on 
the  local  conditions  of  supply.  The  size  of  pumphouse  is  dependent 
on  size  of  plant.  It  should  be  well  lighted  and  ventilated.  Where  there 
is  a  pump  pit  at  gasoline  plants  the  engine  should  be  in  a  room  by  itself. 
The  engine  room  should  always  be  ventilated  with  vents  at  the  floor 
in  order  to  free  the  room  from  gasoline  vapor.  In  no  case  should  gaso- 
line engines  be  placed  below  surface  of  ground. 

The  question  of  heat  in  gasoline  engine  rooms  in  cold  climates 
where  the  operation  of  the  plant  is  intermittent  is  one  upon  which  the 
Committee  is  divided.  The  use*t)f  a  stove  is  certainly  objectionable  and 
the  engines  can  generally  be  started  by  the  use  of  hot  water  carried  in 
from  some  neighboring  house,  in  the  cylinder  jacket,  so  that  it  seems 
the  safer  plan  to  prohibit  the  use  of  open  fire  in  a  gasoline  engine 
room.  Where  steam  heat  is  available  it  is  advisable  to  install  a  radiator 
in  the  engine  room. 

In  the  case  of  deep  wells  the  pumphouse  should  be  so  designed 
that  the  portion  over  the  well  can  be  removed  or  opened  sufficiently  to 
allow  a  well  machine  to  be  set  over  it  for  use  when  repairs  are 
necessary. 

Pumphouses  at  terminal  stations  where  used  should  be  designed 
the  same  as  above.  It  is  generally  desirable,  however,  to  incorporate 
the  pumphouse  with  other  shop  buildings. 
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Discharge  from  pump  should  always  be  provided  with  an  air  cham- 
ber and  check  valves  if  same  are  not  incorporated  in  the  pump 
itself.  Connections  should  be  made  below  frost  line  with  check  and 
waste  valve  for  boiler  feed  or  gasoline  engine  jacket.  In  surface 
pumped  plants  a  by-pass,  or  priming  pipe,  from  discharge  to  suction 
should  be  provided.  In  open  wells  the  bottom  of  suction  pipe  should 
have  a  combination  strainer  and  foot  valve.  Where  pump  pits  are  not 
waterproof  or  water  is  likely  to  come  up  over  pump  at  times,  a  branch 
suction  pipe  with  a  valve  having  a  long  valve  stem  extending  above 
high  water  should  be  provided  in  order  to  pump  down   the  water  in  pit. 

METHOD   OF   DELIVERY    TO   LOCOMOTIVES. 

Storage  Tanks. — The  first  comprehensive  collection  of  data  on  storage 
tanks  which  your  Committee  discovered  is  given  in  the  1901  report  of 
Association  of  Railway  Superintendents  of  Bridges ,  and  Buildings,  on 
"Water  Stations,  Best  Material  for  Foundations,  Tanks,  Substructures, 
Connections,  Capacity,  etc."  One  hundred  and  twenty-five  circulars  of 
twenty  questions  were  sent  to  the  members ;  fourteen  answers  were  pre- 
sented, together  with  reduced  plans  of  eight.  Considerable  interest  in 
steel  tanks  was  manifested  by  the  Committee,  and  that  subject  received 
most  attention  in  the  discussion.  There  was  practically  no  data  fur- 
nished, but  the  consensus  of  opinion  was  that  they  are  economical  and 
will  supersede  wood.  No  recommendations,  conclusions  or  Association 
standards  were  presented. 

The  next  compilation  was  made  by  Committee  VI  of  your  Associa- 
tion, in  Bulletin  17,  March,  1902,  and  consists  of  a  tabulation  of  forty- 
six  answers  to  circulars  sent  to  one  hundred  railroads,  or  55  per  cent, 
of  the  total  mileage  requested.  The  table  covers  all  the  parts  of  the 
Water  Tank  and  is  accompanied  by  a  narration  of  the  features  which 
are  collectively  similar.  Drawings  are  presented  as  typical  of  the 
designs  of  foundations,  substructures  and  roofs.  Mention  is  made  of 
steel  tanks  and  discussion  requested.  No  recommendations,  conclusions, 
or  Association   standards   were   presented. 

ANALYSIS. 

Your  Committee  refers  to  report  of  Committee  VI  to  the  1902 
convention,  before  mentioned  (see  Proceedings,  Vol.  3,  pp.  163-179),  for  a 
full  comparison  of  the  designs  reported  which  fairly  represent  those 
generally  used.  Inspection  of  the  tables,  together  with  the  analysis 
preceding  them,  will  demonstrate  the  great  variety  of  design  in  which 
some  of  the  differences  are  immaterial,  others  the  reverse,  both 
affording  good  reason  for  the  adoption  by  the  Association  of  plans 
recommended  as  good  practice.  Illustrative  of  this :  Your  Committee 
finds  little  extenuation  for  conditions  by  which  one  railroad  uses  sixteen 
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12X12  posts  and  another  the  same  number  of  14x14  in  the  substructure 
of  a  50,000-gallon  tub,  and  holds  that  such  immaterial  differences  should 
be  harmonized.  On  the  other  hand,  there  is  a  material  diflference  in 
designs  providing  for  steel  substructure  and  joists  instead  of  wood. 
The  superiority  of  the  former,  from  a  maintennnce  standpoint,  argues 
for   a   recommended   practice    emphasizing  that   feature. 

Your  Committee  therefore  proposes  to  submit  as  recommended  prac- 
tice designs  which  will  serve  as  concrete  examples  instead  of  submitting 
abstract  statements  of  general   principles. 

FUNCTIONS    OF    A    WATER    STATION. 

A  water  station,  as  an  elementary  proposition,  consists  of  a  sup- 
ply of  water  with  means  of  delivering  same  to  locomotives.  This  is 
done  by  gravity,  except  with  Track  Pans,  where  the  same  elementary 
arrangement  is  present  with  an  added  principle  for  completing  the 
delivery   in   those    special    cases. 

Where  the  topography  will  permit  full  elevation  the  arrangement 
may  consist  of  an  elevated  reservoir,  excavated  in  the  ground,  with 
pipe  lines  and  water  columns. 

Where  only  partial  elevation  can  be  secured  it  may  consist  of  n 
tub  resting  on  the  surface  with  pipe  line  and  water  column. 

Where  the  topography  will  not  offer  even  partial  elevation,  same 
must  be  secured  by  artificial  means,  permitting  of  choice  in  location 
of  the  supply,  which  is  done  by  placing  same  (a)  near  the  track,  re- 
ducing the  cost  of  delivery  line,  and  (b)  distant  from  the  track, 
although  at  increased  cost  of  delivery  line  for  reasons  given  later. 

The  prevailing  topography  makes  artificial  elevation  necessary 
at  a  large  majority  of  water  stations,  resulting  in  the  structure  known 
as  a  storage  tank,  which  is  subdivided,  naturally,  into  its  structural 
elements  on  the  same  lines  as  those  occasioned  by  varying  topo- 
graphical conditions,  viz..  Foundation,  Substructure,  Tub,  and  Delivery 
Line. 

FOUNDATIONS. 

These  have  consisted  mostly  of  rubble  masonry  piers  finished  above 
ground  with  dressed  pedestals.  However,  in  recent  years  the  use  of 
concrete  has  become  so  general  that  many  foundations  are  now  made 
of  that  material,  and  it  will  probably  be  most  used  in  the  future.  It 
lends  itself  to  economical  construction,  particularly  in  this  instance,  on 
account  of  the  small  quantity  required.  The  form  shown  on  recom- 
mended plan  is  selected  as  having  been  found  to  be  cheaply  built,  the 
small  amount  of  concrete  being  mixed  wet  and  placed,  without  inter- 
ruption, in  the  forms  which  had  been  made  the  full  size  of  foundation, 
centered  and  leveled  before  starting. 
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CONCLUSIONS. 

The  foundation  should  be  made  of  any  good  masonry  locally 
available,  provided  it  also  withstands  the  disintegrating  action  of  water. 

It  should  be  carried  below  frost  and  as  much  deeper  as  neces- 
sary to  reach  firm  bearing  unless  piles  or  other  sub-foundations  are 
used. 

The   area   depends   on   bearing   encountered. 

KIND  OF   MATERIAL. 

The  material  most  used  in  the  past  has  been  timber,  probably 
because  of  cheap  first  cost  and  because  more  quickly  available,  through 
the  use  of  sizes  usually  carried  for  other  work.  It  is  particularly 
subject  to  decay  on  account  of  prevailing  dampness,  and  the  life  without 
heavy  and  costly  repairs  will  not  exceed  ten  to  fifteen  years,  as  a  gen- 
erous estimate,  or  less  than  the  life  of  the  tub,  whereas  a  moderate 
estimate  of  the  life  of  a  steel  substructure  is  forty  years,  or  double 
.the  life  of  a  tub,  without  any  cost  for  maintenance  except  painting, 
which  timber  would  also  receive  at  about  the  same  cost.  The  load  is 
static,  hence  the  absence  of  forces  which  limit  the  life  of  steel  by  crys- 
tallization, together  with  proper  painting,  should  result  in  a  life  far 
exceeding  that  given  above. 

A  comparison  on  the  basis  of  first  cost  of  timber  and  steel  could 
be  made  only  by  means  of  estimates,  as  the  cost  data  secured  docs 
not  show  it,  and  if  secured  would  not  be  comparable  on  account  of  the 
great  variety  in  design.  Your  Committee  believes  your  approval  of  a 
steel  substructure,  including  joists,  can  be  obtained  'without  going  into 
the  detail  of  this  feature  by  referring  in  a  general  way  to  the  following. 
Most  plans  for  timber  substructures  of  50,000-gallon  tubs  call  for 
twelve  posts  which  require  twelve  foundations,  while  on  the  other  hand 
a  number  of  steel  substructures  have  been  built  with  but  four  posts 
and  a  similar  number  of  foundations.  The  life  of  a  steel  substructure 
is  easily  four  times  that  of  timber  at  about  the  cost  for  maintenance. 
The  scrap  value  of  a  timber  substructure  is  very  small,  while  that  of 
steel  is  large. 

HEIGHT     OF     SUBSTRUCTURE. 

The  height  of  substructures  in  early  days,  and  still,  to  a  large 
extent,  has  been  such  as  to  place  the  tub  just  a  sufficient  distance 
above  the  rail  to  accommodate  locomotives  taking  water  with  tank 
spout.  The  use  of  water  columns  and  larger  locomotive  tenders  resulted 
in  many  substructures  being  made  about  twice  the  former  height  to 
reduce  the  time  taking  water,  and  while  that  was  accomplished  it 
might  have  been  done  in  another  way  without  increasing  the  head  on 
the  pump,  for  the  required  discharge  "q"  is  the  product  of  the  area  "a" 
of  the  pipe,  and  the  velocity  of  water  "F,"  q  =  a  ^,  or  the  discharge 
varies  directly   with  both  "a"'  and   "V."    The  velocity  for  head   "h"   is 
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F  =  V  2gli,  in  which  "g"  is  the  acceleration  of  gravity.  The  velocity 
therefore  varies  only  as  the  square  root  of  the  head,  which  is  best 
appreciated  as  follows : 

For  i6-ft.  head  F=4  V2g^ 

For  32-ft.  head  V  =  5.6  Vzg. 

Hence  doubling  the  head  only  increases  the  theoretic  velocity  40 
per  cent.,  which  in  fact  is  not  obtained,  since  the  friction  in  column 
supply  line,  which  must  be  necessarily  considered,  increases  nearly  with 
the  square  of  the  velocity.  The  other  factor  '"a"  varies  as  the  square 
of  the  radius  (a  =  TrR'),  while  the  perimeter  varies  only  directly  as 
twice  the  radius  (p  =  2TrR),  or  doubling  the  radius  quadruples  the 
area,  but  only  doubles  the  perimeter  or  weight  of  pipe  required.  When 
friction  is  considered  the  theoretic  discharge  is  further  increased,  since 
the  friction  -decreases  as  the  diameter  increases.  The  above  may  be 
expressed  by  the  theorem : 

Increasing  the  height  of  substructure  increases  the  discharge  by 
kss  than  the  ratio  between  the  square  roots  of  the  two  heads ;  in- 
creasing the  radius  of  the  pipe  increases  the  discharge  by  more  than 
the  rate  between  the   squares   of  the   two  radii. 

This  theorem,  with  the  friction  factors  involved,  when  applied  to 
any  situation  will  enable  estimates  to  be  made  comparing  the  construc- 
tion costs  of  securing  the  required  discharge,  but  ultimate  economy 
requires  consideration  of  operating  costs  which  influence  heavily  on 
account  of  their  accumulative  effect.  The  operating  factor  to  be  con- 
sidered is  the  increased  head  against  which  the  pump  acts  when  the 
tub  is  raised.  If  "K"  is  the  work  performed  and  'W  the  weight  of 
water  raised  through  height  "h,"  then  K  =  W  h,  or  the  work  performed 
is  directly  proportional  to  the  head,  hence  the  fuel  consumption  is 
affected   likewise. 

The  above  principles  point  out  the  influence  of  the  variables  and 
the  objection  to  elevating  tubs  higher  than  necessary.  With  regard  to 
actual  delivering  capacities  of  water  columns  under  ordinary  heads,  your 
Committee  have  report  of  careful  test  of  12-in.  column  supplied  by  14-in. 
main,  which  delivered  5,000  gallons  per  minute  under  20-ft.  head  above 
column,  and  have  measured  the  capacity  of  same  sized  water  column 
and  supply  line  under  40-ft.  head,  the  time  of  opening  and  closing 
automatic  column  valve  was  not  included  and  the  tests  lasted  45  sec- 
onds, taken  with  a  stop  watch.  The  water  was  delivered  at  a  rate  of 
6,200  gallons  per  minute.  The  conditions  surrounding  these  two  tests 
were  not  identical,  but  it  will  be  noticed  that  the  latter  had  double  the 
head  and  should  therefore  have  had  a  theoretic  discharge  of  7,000  gal- 
lons ;  failure  to  do  so  is  because  of  increased  loss  in  friction  due  to  in- 
creased velocity  before  mentioned  and  perhaps  to  a  difference  in  the  fric- 
tion factors  of  the  columns.  With  these  discharging  capacities  we  have 
data  for  comparing  the  time  required  to  take  water.  Assuming  7,000  gal- 
lons as  the  capacity  of  tender  tank  and  6,500  gallons  as  the  average  quan- 
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tity  taken,  the  time  required  would  be  one  minute,  eighteen  seconds,  under 
2o-ft.  head,  and  one  minute,  three  seconds,  under  40-ft.  head,  or  the 
increased  _height,  20  ft.,  or  tub  saves  fifteen  seconds.  The  time  swinging 
column  and  opening  and  closing  valve  is  not  included  above,  but  the 
figures  are  just  accurate  for  comparison,  since  they  are  the  same  for 
both  cases.  Where  the  demand  for  prompt  movement  requires  consider- 
ation of  items  as  small  as  fifteen  seconds  while  taking  water,  the  traffic 
is  beyond  water  columns  and  calls  for  track  pans  which  avoid  delays 
of  much  greater  magnitude. 

The  height  of  substructure  has  been  influenced  in  some  cases  by 
consideration  of  fire  protection,  which  might  have  been  provided  with 
greater  economy  and  even  greater  effectiveness  by  means  of  a  separate 
fire  tower  or  by  fire  pumps. 

The  determination  of  the  height  of  substructure  involves  all  that 
has  gone  before,  and  in  some  special  cases  may  involve  the  largest  col- 
umns as  well  as  high  substructure,  but  your  Committee  submits,  since 
columns  as  large  as  12-in.  are  practicable  and  sufficient,  that  the 
economical  arrangement,  ordinarily,  is  a  height  of  substructure  which 
places  the  tub  15  to  20  ft.  above  the  rail,  using  a  column  of  such  size 
as  will  furnish  the  desired  discharge. 

DESIGN    OF    SUBSTRUCTURE. 

The  number  of  posts  should  be  as  small  as  consistent  and  composed 
of  one  or  two  simple,  stout  shapes  rather  than  of  small  thin  angles 
latticed  together.  This  will  result  in  fewer  foundations,  cheaper  paint- 
ing, less  surface  exposed  to  corrosion,  if  neglected,  hence  less  danger 
in  that  event  with  simple,  stout  shapes  than  with  complex  posts  of  thin 
angles.  This  also  holds  true  with  the  design  of  the  remainder  of  the 
substructure. 

TUB. 

KIND    OF    MATERIAL. 

The  material  most  used  has  been  wood  of  such  suitable  kind  as 
was  obtainable  in  the  localities  where  used.  White  pine  has  prevailed 
in  the  North,  cypress  in  the  South,  while  redwood  and  fir  are  largely 
used  in  the  extreme  West.  One  Northern  manufacturer,  "A,"  reports 
twice  as  many  sales  of  white  pine  as  cypress  in  the  last  three  years; 
another,  "B,"  uses  white  pine  almost  exclusively,  while  another,  "C," 
reports  70  per  cent,  cypress.  The  only  Southern  manufacturer,  "D," 
heard  from  makes  nothing  but  cypress  tubs.  Only  a  limited  knowledge 
of  redwood  and  fir  has  been  obtained  by  manufacturers  "A"  and  "B,' 
but  they  believe  these  materials  make  first-class  tubs  and  will  be  used 
more  in  years  to  come,  due  to  growing  scarcity  of  the  longer  lengths 
of  pine  and  cypress.     Greater  care  in  manufacture  and  setting  is  required 
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of  the  former,  as  they  do  not  swell  much.  It  will  require  the  test  of 
time  to  determine  whether  they  arc  satisfactory. 

The  main  points  of  interest  in  connection  with  the  kind  of  material 
are  the  life  based  on  past  experience,  the  quality  of  material  now  obtain- 
able and  the  trend  of  prices.  Two  large  Northern  manufacturers,  "A" 
and  "B,"  place  the  life  of  white  pine  at  twenty  years,  using  about  the 
same  modified  opinion  expressed  by  "A,"  as  follows :  "The  length  of 
life  of  a  tub  depends  almost  entirely  on  local  conditions.  The  lumber 
and  hoops  are  affected  by  the  water,  the  tub  rots  more  rapidly  if  not 
kept  filled  and  the  outside  decays  and  the  hoops  corrode  if  not  kept 
painted.  We  have  known  pine  tubs  to  last  six  years  and  we  have 
known  them  to  last  thirty.  It  would  seem  to  us  that  a  first-class  pine 
tub,  well  hooped,  should  last  twenty  years  if  kept  painted  on  the  out- 
side and  reasonably  full  of  water."  This  manufacturer  has  furnished 
about  one-third  of  his  output  in  recent  years  in  cypress,  while  the  other 
has  furnished  practically  none,  and  he  goes  on :  "We  doubt  whether  a 
cypress  tub  will  last  longer  than  twenty  years  in  the  Northern  climate,  due 
to  the  fact  that  it  is  out  of  its  natural  element.  Cypress  is  a  water  tim- 
ber, and  we  believe  that  taking  it  out  of  the  water  and  subjecting  it  to 
the  wet  and  dry  must  affect  it  in  time,  so  that  it  will  last  little,  if  any, 
longer  than  pine.  Cypress  has  the  advantage  over  pine  in  being 
clear  lumber,  and  for  this  reason  should  last  a  trifle  longer.  While  we 
get  considerably  more  money  for  cypress  tubs,  we  believe  for  ordinary 
purposes  pine  is  just  as  good,  although  as  stated,  it  may  be  that  cypress 
gains  more  by  being  clear  than  it  loses  by  being  out  of  its  natural 
clement,  and  it  is  therefore  slightly  better  than  pine.  The  quality  of 
cypress  does  not  seem  to  change,  but  pine  lumber  is  not  nearly  as  good 
as  it  was  a  few  years  ago.  It  is  impossible  to  secure  at  any  price  a 
quality  of  pine  which  was  to  be  had  in  the  past,  as  the  lumber  is  not 
to  be  had  in  sufficient  quantities  for  tub  purposes." 

"B"  says :  '"As  to  quality  of  material,  would  say  that  it  is  well 
known  that  it  is  almost  impossible  now  to  obtain  as  good  a  grade  of 
lumber  as  in  years  past,  due  to  the  general  scarcity,  which'  has  also 
increased  the  price.  For  instance,  eight  or  ten  years  ago  we  would 
often  receive  inquiries  for  price  on  tubs,  calling  for  clear  material,  and 
while  it  was  hard  to  get,  even  at  that  time,  it  could  be  obtained  at  a 
price,  but  now  this  material  is  practically  unobtainable." 

The  Southern  manufacturer,  "D,"  places  the  life  of  cypress  tubs 
at  twenty-five  years,  "if  properly  cared  for,"  and  states  that  "the  qual- 
ity generally  used  now  is  as  good  as  in  the  past."  "C"  states  his  large 
sale  of  cypress  is  "because  of  the  scarcity  of  No.  i  tank  pine  lumber. 
The  life  of  the  two  is  about  the  same  under  prevailing  maintenance. 
Railroad  companies  usually  take  better  care  of  their  pine  tubs  than  they 
do  of  cypress,  believing  that   cypress   will    withstand   the   effects   of    the 
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elements  better  than  pine.  Cypress  tubs  cost  about  25  per  cent,  more 
than  pine."  "A"  and  "B"  report  higher  cost  of  cypress,  but  furnish  no 
figures.  "B"  states  it  is  a  well-known  fact  that  the  cypress  trust  holds 
up  the  price. 

Your  Committee  believed  that  the  trend  of  price  would  be  most 
accurately  obtained  from  the  manufacturers,  as  the  matter  of  quality, 
freight  charges  and  business  conditions  in  periods  of  prosperity  and 
depression  would  render  a  comparison  of  prices  obtained  from  the  mem- 
bership of  little  avail.  "A"  reports  an  increase  of  more  than  35  per 
cent,  in  the  cost  of  pine  and  about  20  per  cent,  in  the  cost  of  cypress 
tubs  in  the  past  ten  years.  While  "B"  states  it  is  costing  him  one- 
third  more  to-day  than  fifteen  years  ago,  which  he  attributes  almost 
entirely  to  the  growing  scarcity  of  proper  grade  lumber,  he  states : 
"Prosperity  has  not  affected  the  price  particularly,  although  it  may 
have  done  so  to  some  extent  on  account  of  the  increased  demand  for 
lumber  of  all  kinds.  The  advance  has  been  gradual  and  steady  and 
there  have  been  no  recessions  of  any  consequence."  "C"  gives  no  advice 
as  to  increase  of  price,  which  is  also  the  case  with  the  cypress  manufac- 
turer "D,"  whose  records  were  destroyed  by  fire. 

The  life  of  any  wood  is  not  ended  suddenly,  hence  many  tubs 
serve  on,  although  general  decay  is  evidenced  by  leaks  which  foster 
further  decay,  interfere  with  painting  and  stain  the  structure.  This  fact 
contributes  to  the  variation  in  the  alleged  life  of  tubs.  Before  passing 
further  and  for  the  purpose  of  future  reference  the  following  conclu- 
sion   is   inserted : 

The  life  of  white  pine  tubs  used  in  the  past  does  not  exceed 
twenty  years,  the  quality  used  at  present  is  inferior  and  will  have 
a  life  of  less  than  twenty  years,  the  price  has  been  increasing  rapidly, 
even  with  the  use  of  inferior  lumber.  The  life  of  cypress  used  in  the 
past  does  not  exceed  twenty-five  years,  the  quality  at  present  is  as 
good  as  in  the  past,  the  price  has  been  rapidly  increasing.  Further 
increase  in  the  price  of  wood  tubs  is  to  be  expected  in  view  of  the 
rapid  depletion  of  forests.  The  use  of  wood  in  tubs  limits  the  capacity 
of   same. 


The  use  of  a  water  table,  band  or  finish  at  the  bottom  of  the  tub 
is  disapproved,  as  it  fosters  decay.  The  usual  thickness  of  staves  and 
bottom  is  3-in.  material  surfaced  to  about  2^  in.  This  size  does  not 
appear  too  thick,  and  on  the  other  hand  it  is  doubtful  if  thicker  sizes 
would  be  justified,  as  decay  when  thorougiily  started  would  allow  of 
but  little  longer  life,  due  to  thicker  material. 

The  following  Specifications  are  submitted  for  White  Pine  tubs. 
They  apply  as  well  to  Cypress,  except  that  no  mention  is  necessary  of 
plugging  small  black  knots : 
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SPECIFICATIONS    FOR    50,000-GALLON    WHITE     PINE     TUBS. 

The  inside  diameters  shall  be  24  ft.  at  the  bottom  and  23  ft.  at 
the  top.  The  staves  shall  be  16  ft.  long.  The  tub  shall  be  made  of 
carefully  selected  white  pine  lumber,  surfaced  to  2^4  in-  which  is 
free  from  sap,  shakes,  unsound  knots,  or  other  imperfections  which 
can  cause  leaks  or  will  impair  the  durability  of  the  tub.  All  small 
black  knots  extending  entirely  through  the  plank  shall  be  carefully 
bored  and  thoroughly  plugged.  All  staves  shall  be  full  length  with- 
out splicing.  Every  joint  shall  be  machine-made  and  perfect,  and 
the  stave  joints  sawed  on  true  radial  lines,  with  due  regard  to  top 
and   bottom    diameter   of  tub. 

The  crozing  at  bottom  of  staves  shall  be  rut  with  proper  regard 
for  pitch  of  stave  when  in  position  and  circular  in  shape,  so  as  to 
be    completely   filled    by    tub   bottom    when    staves    are    driven    up. 

The  outside  of  staves  shall  be  surfaced  convex,  so  as  to  give  a 
full  bearing  to  hoop  throughout  the   width   of  each  stave. 

The  tub  shall  be  provided  with  hoops,  as  shown  on  plan,  with 
single   bolt   pressed   steel   draw   lugs   and   bolts    for   tightening. 

One  extra  stave  and  dowel  pins  shall  be  furnished  with  each 
tub.  Every  tub  shall  he  set  up  at  the  factory  and  the  bottom  and 
corresponding  stave  marked  and  numbered  before  being  knocked 
down  for  shipment.  The  location  of  the  hoops  shall  also  be  marked 
on    the    staves. 

ROOF. 

The  kind  of  material  used  is  various.  Your  Committee  consider 
this  to  be  largely  a  local  problem,  involving  first  cost,  maintenance  and 
life  of  available  materials,  also  that  the  matter  is  not  vital  in  this  con- 
sideration. The  kind  and  design  shown  on  the  recommended  plan  is 
selected  as  being  universally  available,  cheap,  a  good  fire  risk  and  of 
long  life,  hence  fits  the  situation  as  well  as  any  which  could  be  used 
to  complete  the  plan. 

HOOPS. 

KIND    OF    MATERIAL. 

All  the  manufacturers  report  that  the  railroads  generally  do  not 
specify  the  kind  of  material,  one  large  manufacturer  even  stating  that, 
"When  receiving  orders  for  tubs  with  'set  of  steel  hoops,'  or  'set 
of  iron  hoops,'  the  part  relating  to  the  hoops  is  unially  considered  as 
a  general  term  rather  than  a  definite  specification  of  the  kind  of  mate- 
rial wanted."  These  conditions,  together  with  comp.,tition  among  the 
makers,  have  undoubtedly  resulted  in  placing  steel  'lOops  on  a  large 
majority  of  tubs.  At  present  "A"  uses  wrought-iron  exclusively  and 
recommends  same,  as  it  is  not  affected  as  rapidly  as  steel  by  oxidation. 
"B"   uses   Bessemer   steel   and   recommends   muck  bar   wrought-iron,   but 


WATER    SERVICE.  753 

is  of  the  opinion  that  steel  is  preferable  to  much  of  the  material  made 
of  scrap  metal  of  all  kinds  and  sold  as  wrougbt-iron.  He  uses  steel 
on  account  of  its  price  compared  with  best  grade  of  wrought-iron 
and  the  quality  compared  with  the  cheaper  grade.  "D"  uses  soft  Bes- 
semer steel  and  recommends  iron.  "C"  states  only  a  few  roads  require 
wrought-iron,  as  most  roads  specify  steel  somewhat  thicker  rather  than 
pay  the  premium  asked  for  iron.  The  views  above  quoted  regarding 
longer  life  of  wrought-iron  express  those  generally  held,  but  hoops  of 
this  material  appear  to  be  little  used  on  account  of  the  price.  Investi- 
gation of  the  cost  feature  develops,  however,  that  wrought-iron.  at 
present  writing,  is  quoted  less  than  steel,  while  in  1906  it  was  but  a 
fraction  over  5  per  cent,  higher.  The  weight  of  iron  in  12  hoops 
4x%,  all  75.4  ft.  long  (disregarding  taper  of  tub),  is  3,800  lbs.  The 
market  of  steel  at  writing  is  $1.80  per  100  lbs..  Pittsburg.  Assuming  a 
general  price  of  $2.50  to  cover  advances  and  adding  5  per  cent,  for 
higher  price  of  iron  would  make  these  hoops  cost  $99.75.  Allowing  for 
the  tensile  strength  of  steel,  one-eighth  higher  than  iron,  would  make 
steel  hoops  cost  $83.12,  or  $16.63  'ess  than  iron.  This  discrepancy 
reduces  when  the  wearing  qualities  of  each  are  considered,  as  heavier 
steel  hoops  are  required  since  it  corrodes  more  rapidly,  but  even  disre- 
garding this  feat-lire  the  ultimate  cost  of  the  two  will  be  in  favor  of 
iron  by  the  time  a  scaffold  is  erected  and  additional  hoops  added  10 
or  15  years  later  for  fear  that  the  experience  with  other  steel  hoops 
may  be  repeated.  The  lower  quotation  on  iron  is  attributed  to  the 
decreased  demand  for  wrought-iron  and  increased  use  of  steel. 

SPACING    AND    SIZE. 

It  has  been  (he  practice  to  make  hoops  thin,  increasing  the  section 
as  necessary  by  making  them  wider,  with  slight  increase  in  thickness. 
The  thicker  hoops,  still  being  thin  and  spread  out,  offer  greater  surface 
for  corrosion  behind  the  hoops.  Thin  hoops  are  used  because  they  fit 
the  staves  better,  but  no  matter  how  close  the  fit,  it  is  not  close 
enough  to  exclude  the  water  entirely,  and  corrosion  of  wide  thin  hoops 
results  in  materially  affecting  the  strength  before  the  tub  has  served 
its  life.  This  results  in  broken  hoops,  involving  the  expense  and  danger 
of  replacement  and.  not  infrequently,  collapsed  tubs.  The  hoops  classed 
as  thin  are  t^-in.  and  ^-in.  thick,  the  cross-section  of  which  have  been 
observed  by  3'our  Committee  to  consist  of  mere  threads  of  unattacked 
metal  when  removed.  'Most  manufacturers  place  the  maximum  thick- 
ness at  T^-in.  Your  Committee  believes  the  advantage  of  thicker  hoops 
offsets  the  merit  claimed  for  thin  hoops,  particularly  as  neither  will  fit 
into  depressions  unless  hammered,  in  which  event  there  is  not  much 
difference  in  the  contact.  No  manufacturer  has  used  semi-elliptical 
hoops,  but  "B"  is  inclined  to  favor  them  or  half-round,  provided  the 
roads  would  agree  on  a  style  which  would  enable  him  to  lay  in  a  stock. 
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"A"  objects  because  these  are  not  common  merchantable  shapes  and 
they  require  forging  at  the  ends.  "C"  has  furnished  round  hoops,  but 
condemns  them  on  account  of  crushing  the  stave  and  catching  water 
and  dirt,  while  "D"  has  also  furnished  round  hoops,  but  offers  no 
objection.  The  matter  of  promoting  a  half-round  or  semi-elliptical  hoop 
is  left  to  future  Committees,  as  it  involves  special  shapes  not  ordi- 
narily obtainable  and  because  the  increase  to  i'e-in.  and  the  use  of  iron 
will  be  a  step  in  the  right  direction,  which  may  prove  all  that  is 
necessary. 

The  wider  the  hoop,  the  better  the  condition  for  decay  behind  it ; 
the  narrower  the  hoop  the  more  expensive  on  account  of  more  lugs 
and  handling.  Four-inch  hoops  are  narrow  enough  to  allow  of  lugs  hav- 
ing but  one  bolt,  which  is  generally  recommended,  since  with  two  bolts 
there  is  no  certainty  regarding  the  strain  in  either.  Pressed  steel  lugs 
are  considered  best  by  the  manufacturers.  Four-inch  hoops  are  nar- 
rower than  those  usually  used  on  the  bottom  half  of  the  tub  and  about 
the  general  width  of  those  used  on  the  upper  half.  The  selection 
of  the  uniform  size,  4x5i6 ,  for  all  hoops,  which  is  desirable  for  the 
sake  of  reducing  the  number  of  sizes,  also  commends  itself  for  the 
above  reasons.  The  spacing  as  shown  on  the  recommended  plan  is 
based  on  a  wrought-iron  hoop  with  working  area  of  4x5l6-in.,  safety 
factor  of  4  and  allowable  working  stress  of  12,500  lbs.  The  -ft-in  hoop, 
with  this  spacing,  is  proposed  to  take  care  of  corrosion  and  still  provide 
safe  working  conditions  which  must  be  guarded,  as  the  tension  of  bolts, 
swelling  of  staves  and  contraction  from  cold  have  not  been  taken  into 
consideration.  With  the  spacing  on  the  plan  the  maximum  stress  in 
the  254-in.  stave  is  in  the  9th  space  from  the  bottom  and  amounts  to 
95  lbs.  per  sq.  in.,  which  makes  a  safety  factor  of  over  30,  as  3,000  lbs. 
is  a  conservative  value  of  the  ultimate  strength  of  White  Pine.  Under 
decayed  conditions  resulting  in  only  i-in.  thickness  of  good  timber,  the 
stress  in  the  9th  space  would  increase  to  720  lbs.,  or  still  be  within 
safe  limits.  This  discussion  develops  that  there  is  no  likelihood  of 
failure  of  the  usual  254-in.  stave,  except  from  decay,  but  that  the  usual 
%-\n.  and  ^-in.  hoops  are  designed  too  close,  both  facts  being  con- 
firmed by  experience.  Twelve  hoops  are  required  by  the  above  considera- 
tion, which  is  in  line  with  12  out  of  27  roads  reported  to  the  1902 
convention ;  9  roads  use  more  than  12  hoops  and  only  3  use  less. 

The  above  detail  consideration  of  the  usual  wooden  tub  has  been 
developed  to  guide  the  preparation  of  the  recommended  plan,  to  inform 
the  Association  on  matters  which  could  not  be  a  part  of  such  plan 
and  for  comparison  with  steel  water  tanks.  While  the  comparison  with 
steel  is  much  to  the  disadvantage  of  wood,  it  is  believed  wood  will 
still  be  tised  to  more  or  less  extent  and  that  a  plan  endorsed  by  the 
Association  will  be  of  vahac. 
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STEEL  TANKS. 

MATERIAL    AND    LIFE. 

The  use  of  steel  for  tanks  at  water  stations  between  terminals  has 
not  been  general  and  at  terminals  only  to  a  limited  extent,  usually  when 
forming  a  part  of  a  fire  or  general  water  supply  system ;  however,  in 
recent  years,  along  \/hh  the  tendency  toward  permanence  in  railroad 
construction,  there  has  been  considerable  development  along  this  line 
and  a  number  of  tubs  constructed.  The  life  will  depend  on  kind  of 
material  and  water.  The  use  of  metal  standpipes  for  city  water  supply 
has  extended  successfully  over  a  large  number  of  years,  which  pre- 
supposes satisfaction  with  railroad  tanks  where  the  pressure  is  much 
fess.  The  metal  specified  in  most  of  the  recent  railroad  tanks  is  "open- 
hearth"  steel,  and  the  life  of  such  tanks  will  depend  on  the  effect  of 
the  water.  There  are  without  doubt  singular  cases  where  the  only  water 
available,  although  corrosive,  is  used  in  locomotives,  but  such  conditions 
are  infrequent,  will  pass  with  extension  of  treatment  and  call  for  special 
consideration. 

A  16x30  steel  tub  of  J4-in.  and  ^-in.  plates  was  erected  in  i868 
in  the  Forty-seventh  Street  Shops  of  the  Chicago,  Rock  Island  &  Pa- 
cific Railway,  at  Chicago.  Although  painting  was  very  much  neglected, 
the  tub  is  still  in  service  with  the  prospect  of  doubling  the  present  life, 
since  only  a  shallow  depth  of  pitting  has  occurred  inside,  and  the  out- 
side is  now  being  maintained.  The  tub  was  corroded  most  where  it 
rested  on  the  timber  joists.  A  manufacturer  of  steel  tanks  gives  as  a 
conservative  estimate  of  the  life,  five  times  that  of  wood,  which  he  places 
at  ten  or  fifteen  years. 

TYPES. 

The  usual  form  at  terminals  is  a  tank  with  hemispherical  bottom, 
supported  by  a  steel  tower.  At  intermediate  stations  three  types  have 
been  developed,  viz.:  Flat  Bottom  Tub  on  the  usual  substructure; 
Hemi-ellipsoidal  Bottom  Tub,  supported  by  posts  around  the  outside  and 
a  cylinder  or  mud  drum,  5  or  6  ft.  in  diameter,  in  the  center  of  the 
bottom ;  Standpipe  Tub,  consisting  of  a  tub  imposed  directly  on  the 
foundation,   the   substructure  being   omitted. 

The  Flat  Bottom  Tub  requires  no  explanation.  It  is  merely  the 
application  of  steel  to  the  usual  form  of  tub.  The  cost  of  this  type 
including  substructure  as  constructed  on  the  Nevada  deserts  under 
high  cost  conditions  follows : 


Height 

of 

Sub.-Str. 

Tub. 

Cap'y. 

Cost. 

Date. 

Ht. 

19 
19 
19 
19 

Dia. 

24 
24 
24 
24 

Mt'l. 

Freight. 

Erection. 

Total. 

5-07 
8-07 
7-07 
8.07 
4-07 

50 
13 
13 
50 
30 
25 

65000 
65000 
65000 
65000 
350000 
350000 

1900 
1900 
1900 
2245 
5050 

273.22 
462  50 
462  50 
253  80 
936  00 

1078.50 
484  58 
638.72 
1000  11 
1927  07 
1250.91 

3251   72 
2847  08 
3001   22 
3498  91 
7913  07 

10-07 

5000         470  80 

6721   71 

766 
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The  Hemi-ellipsoidal  Bottom  Tub  was  developed  by  the  manufac- 
turer from  the  hemispherical  bottom  tub,  the  object  being  to  avoid  the 
expense  of  joists  in  flat  bottom  tubs,  to  place  the  tub  lower  than  with 
hemispherical  bottom  tubs,  thus  reducing  the  head  pumped  against  and 
to  provide  a  settling  space  with  blowoff  valve  in  the  mud  drum,  which 
is  really  part  of  the  bottom.  The  nuid  drum  serves  as  frostproofing 
for  the  tank  and  column  supply  lines.  This  type  has  been  made  only 
by  one  manufacturer.  No  investigation  has  been  made  of  the  features 
which  are  patented,  as  the  cost  shows  the  type  to  be  in  open  competi- 
tion with  other  storage  tanks  without  any  large  addition  for  royalty. 
The  manufacturer  places  $i,8oo  for  50,000-gallon  tank,  and  $3,000  for 
100,000-gallon  tank  as  a  fair  price  during  a  prosperous  period,  which 
includes  substructure,  steel  roof  and  erection,  but  excludes  foundation 
and  freight  sCnd  roof. 

The  Standpipe  Type  has  been  applied  to  railroad  water  stations  by 
two  large  Western  roads.  The  portion  below  a  hne  about  12  ft.  above 
the  rail  acts  as  a  settling  basin  for  water  carrying  sediment,  which  can 
be  readily  washed  out.  One  of  the  roads  uses  this  type  as  a  com- 
bined storage  tank  and  water  softener,  the  raw  water  and  chemicals 
being  introduced  at  the  bottom,  the  treated  water  being  drawn  from 
the  upper  portion  by  means  of  a  floating  intake.  The  plans  of  the 
two  roads  differ  mainly  in  the  foundation,  one  consisting  of  reinforced 
concrete,  the  other  of  an  excavation  filled  with  broken  stone  or  gravel. 
Your  Committee  regrets  it  was  unable  to  analyze  the  designs  and  submit 
at  this  time  a  recommended  plan,  but  as  the  type  is  considered  of 
great  merit,  plans  of  each  are  submitted  in  Appendix  L  with  the  fol- 
lowing brief  statement  of  costs: 


REINFORCED  CONCRETE  FOUNDATION. 

BROKEN    STONE    OR    GRAVEL 
FOUNDATION. 

Height. 

Dia. 

Foun- 
dation. 

Tank. 

Total. 

Height. 

Dia. 

Cost. 

31 '-5"          24' 
62'-3"          24' 

/S586 
\    869 
/    586 
\    869 

$1987 
1987 
4228 
4228 

$2573 
2856 
4814 
5097 

28'-2" 
42'-4" 

59'-7" 

24' 
24' 

24' 

$2000 
2500 

3000 

The  two  costs  of  concrete  foundation  are  for  warm  and  cold 
climates.  The  tanks  on  concrete  foundations  are  heavier  than  the 
others  approximately  as  follows:  31 -ft.  tank,  1,500  lbs.;  47-ft.  tank, 
5,000  lbs.,  and  62-ft.  tank,  8,000  lbs.,  which  would  account  for  part  of 
the  difference  in  cost  as  follows,  based  on  steel  in  place  at  6  cents  a 
lb.:  31-ft.  tank,  $90;  47-ft.  tank,  $300;  62-ft.  tank,  $480.  With  steel 
tanks  provision  for  increased  storage  can  be  made  by  using  heavier 
material  in  the  part  first  erected,  additional  height  being  provided  at 
relatively  small  cost  whenever  necessary.  In  view  of  this  advantage 
over   wood,   the   greater   life,    larger   scrap    value,    the    small    increase    in 
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cost  and  the  conclusions  reached  earlier  under  disc^ission  of  Tub — kind 
of  material,  your  Committee  anticipate  the  general  adoption  of  steel 
in  the  near  future  and  recommend  same  as  good  practice. 

COSTS. 

The  costs  of  Storage  Tanks  vary  as  do  other  railroad  structures 
with  the  fluctuation  of  prices  of  material  and  labor,  and  this,  together 
with  different  physical  conditions  and  freight  charges,  makes  an  exact 
comparison  of  actual  costs  impossible  for  lack  of  sufficient  details,  but 
the  .  costs  as  given  in  Appendix  J,  obtained  from  12  railroads,  is 
oflfered  as  representing  the  best  data  available  in  addition  to  that  herein- 
before given.  It  appears  that  a  50,000-gallon  tub  on  timber  substructure 
and  concrete  foundation  costs  somewhere  about  $1,800.  The  cost  of 
same  on  steel  substructure  varies  largely  with  the  design  of  substruc- 
ture, but  $1,800  is  offered  as  an  approximate  figure  of  the  recom- 
mended plan. 

TUB    UNIT    CAP.\CITY. 

The  prevailing  size  of  tub  is  16  ft.  high  by  24  ft.  in  diameter,  com- 
monly called  a  so,ooo-gallon  tub.  In  recent  years  tubs  20  ft.  by  30  ft. 
in  diameter,  designated  as  100,000-gallon  tubs,  have  been  esected  to  some 
extent.  Where  additional  storage  is  required  same  is  secured  by  a 
battery  of  tubs  of  those  sizes,  this  being  due  to  the  limit  placed  by 
difficulty  in  securing  larger  timber.  The  use  of  steel  water  tanks  removes 
the  limit  placed  on  the  size  of  wood,  and  as  then-  use  is  growing  the 
sizes  of  the  units  will  be  determined  by  the  relation  of  consumption, 
cost  of  installation  and  cost  of  operation.  Ordinarily  it  is  cheaper  be- 
tween terminals  to  provide  storage  capacity  to  carry  over  night  than  to 
use  a  night  pumper.  This  requires  consideration  of  probable  increase 
above  the  maximum  consumption  within  the  life  of  the  tub.  It  is  be- 
lieved that  the  consumption  will  in  most  cases  at  least  double  in  20 
years,  and  therefore  the  unit  would  be  at  least  50  per  cent,  greater  than 
the  maximum  daily  consumption,  which  will  avoid  a  night  pumper  for 
a  considerable  period  without  undue  expense  of  installation,  which 
could  be  offset  when  installefd  by  the  pumper  operating  two  or  more 
stations. 

The  capacity  of  tubs  at  terminals  also  depends  on  the  relation  of 
consumption,  cost  of  installation  and  operation.  However,  the  con- 
sumption is  usually  large  compared  with  outlying  stations,  and  the 
pumping  can  frequently  be  done  day  and  night  with  steam  or  elec- 
tricity from  a  power  plant  with  the  necessary  attention  by  the  engineer 
or  fireman,  in  which  event  the  tub  merely  acts  as  an  equalizer  to  take 
care  of  heavy  and  light  periods  during  the  24  hours,  and  no  conclu- 
sion can  be  offered  regarding  relation  between  consumption  and  tub 
units  at  terminals  except  that  the  tub  unit  capacity  at  terminals  de- 
pends  upon  local  conditions  and   is  usually  less  than  the   consumption. 
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DELIVERY    LINES    FROM    TUBS. 

TANK    SPOUT    AND    COLUMN    .SUPPLY    LINE. 

Earlier  in  this  report  reference  was  made  to  the  location  of  stor-* 
age  (a)  near  the  track  reducing  the  cost  of  delivery  line  and  (b)  dis- 
tant from  track  at  increased  cost  of  delivery  line.  The  main  advantage 
of  the  former  is  the  smaller  cost  of  delivery  line,  consisting  of  Tank 
Spout  and  Fixtures.  Water  Columns  are  more  liable  to  be  damaged 
when  being  turned  to  and  from  the  tender,  since  this  is  not  always 
done  with  the  locomotive  at  rest.  In  other  respects  there  are  many  dis- 
advantages to  Tank  Spouts  outlined  in  the  Water  Service  Committee 
report  to  the  1901  convention  as  follows : 

"The  height  must  be  approximately  uniform,  whereas  greater 
height  than  this  arrangement  permits  is  often  desirable,  for  better  head, 
giving  quicker  service,  for  fire  protection,  etc. ;  position  of  tank  is  re- 
stricted, whereas  choice  of  location  is  often  desirable  for  various  rea- 
sons, viz.,  more  favorable  ground,  better  view  around  curves  or  from 
highway  crossings,  less  liability  to  injury  from  a  collision,  defective  equip- 
ment and  fire ;  much  greater  difficulty  to  protect  from  frost ;  spouts  not 
being  properly  put  up  out  of  the  way  and  hanging  low  enough  to  strike 
men  on  top  of  cars,  many  accidents  of  the  kind  having  occurred;  waste 
water  when  spout  is  put  up  causing  slop  in  summer  and  ice   in   winter." 

In  the  same  report  the  cost  of  lo-in.  water  column  with  100  ft. 
of  lo-in.  pipe  line  between  it  and  the  bottom  of  tub,  with  masonry  pit, 
drainage  and  frost  box  under  tub  on  20-ft.  posts,  is  said  to  add  about 
$700  to  the  cost  of  low  tub  and  spout.  The  above  is  endorsed  subject 
to  the  objection  to  elevating  the  tub  hereinbefore  outlined.  Further 
objection  to  tank  spout  is  found  in  the  location  of  a  permanent  struc- 
ture where  it  may  require  removal  or  will  limit  future  track  develop- 
ment and  because  ordinarily  water  can  be  delivered  to  but  one  track. 

The  following  conclusion  is  offered : 

When  the  cost  is  not  of  first  importance,  or  when  the  objections 
to  tank  spout  are  not  nullified  by  local  conditions  in  special  cases, 
the  use  of  water  cohmins  instead  of  tank  spouts  is  recommended 
as  good  practice. 

Detail  consideration  of  tank  spout  and  fixtures  is  left  for  the  future. 

COLUMN  SUPPLY  LINE. 

Your  Committee  have  not  made  tests  to  determine  the  losses  in 
column  supply  line,  but  present  the  following  discussion  of  same  from 
data  in  its  possession :  A  12-in.  Water  Column  and  r4-in.  supply  line 
delivered  5,000  gallons  per  minute  under  a  head  of  20  ft.  above  the 
column  nozzle;  the  pressure  head  in  the  14-in.  main  just  before  enter- 
ing column  was  12.25  ft.  above  the  same  datum. 

Vi 

The  head   lost  at  entrance   to    14-in.   pipe  at  bottom   of   tub   is   m  — 

2g 


I 
i 
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in   which   "m"    is  a   coefficient    depending   on    the    form    of    the    pipe    at 
entrance  and  will  here  be  considered  the  same  as  a  standard  tube,  viz., 

/       Vi 

0.5.     The    head    lost    in    friction    in    supply  line  is  / ,  in  which  "/" 

d    2g 
is  the  friction  factor  of  pipe,  "/"  the  length  in  feet,  and  "d"  the  diam- 
eter   in    feet.      (The    value    of   "f,"    used    hereafter,    was    obtained    from 
chapter  on  "Flow  Through  Pipes"  in  Merriman's  Hydraulics.) 

The  head  lost  in  the  Water  Column  and  valve  is  n  — ,  in  which 
"n"  is  the  unknown  friction  factor.  2g 

The  hydrostatic  head  "H,"  which  is  20  ft.,  equals  the  sum  of  the 
lost  heads  plus   the   velocity  and  pressure   heads   of   the   issuing   stream, 

v"           I   -if  V      V 

hence  H  =  in \-  f +  n  —  +  —  +  /i,  in  which  the  last  two  mem- 

2g  d  2g  2g        2g 

bers  are  the  velocity  and  pressure  heads  of  the  issuing  stream,  "f"  =: 
.017,  "I"  =  2^0,  V  and  V  are  obtained  from  the  discharge  and  the  sizes 
of  the  pipe  and  Water  Column,  and  "h,"  the  pressure  head  of  the  issuing 
stream,  is  zero.  Substituting  and  solving  for  the  friction  factor  of  the 
column  and  valve  we  find  n  =  3.63,  and  restoring  all  the  quantities  the 
total  head  is  found  to  be  expended  as  follows : 
.8  ft.  lost  at  entrance. 

5.3  ft.  lost  in  friction  between  column  and  tank. 

10.9  ft.   lost  in  column  valve  and  column. 

3.0  ft.  effective  velocity  head  of  issuing  stream. 

20 

The  value  of  the  formula  in  this  connection  consists  in  showing 
where  the  losses  occur,  but  it  can  be  used  in  the  design  of  a  layout  by 
adding  another  member  to  the  equation  to  cover  the  head  lost  in  elbows 
(values  of  which  your  Committee  understands  have  recently  been  pub- 
lished by  the  American  Society  of  Civil  Engineers),  provided  the  manu- 
facturers would  sell  their  water  columns  with  guaranteed  friction  factors 
for  various  velocities.  The  question  of  head  lost  in  elbows  did  not  arise 
in  the  above  case,  since  the  observed  pressure  head  in  the  supply  line 
near  the  column  took  care  of  all  the  head  lost  between  it  and  the  tank ; 
the  length  "I"  used  above,  not  being  contained  in  the  data,  was  calcu- 
lated from  the  observed  pressure  head  as  though  there  were  no  elbows 
in  the  pipe. 

The  deductions  from  the  above  data  are  given  with  a  certain 
amount  of  reservation,  since  the  observations  were  not  taken  by  your 
Committee,  but  they  confirm  opinions  regarding  the  location  of  the  great- 
est loss  in  head,  suggest  the  value  of  tests  to  determine  the  matter  and 
indicate  that  an  increase  in  the  discharge  from  a  tank  might  be  obtained 
through  improved  design  in  the  column  valve  rather  than  by  increasing 
the  size  of  the  supply  line. 
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WATER    COLUMNS. 

The  following  are  the  general  features  to  be  borne  in  mind  in  the 
design  of  a  water  column   and  supply   line. 

The  supply  line  should  be  the  same  size  as  column  where  storage 
tank  and  column  are  not  over  loo  ft.  distant;  where  of  greater  distance, 
the  supply  line  should  le  one  size  larger.  There  should  be  as  few 
bends  as  possible  and  all  should  be  long  radius.  This  supply  pipe  should 
be  provided   with  gate   valves  at   tank  and   at   water   column. 

The  column  pit  should  be  of  masonry  and  as  near  waterproof  as 
possible,  and  provided  with  drainage.  Good  substantial  foundation  of 
masonry  for  the  column  should  be  provided. 

The  column  valve  should  be  designed  so  as  to  give  as  little  friction 
as  possible.  -  It  should  operate  easily  and  from  the  top  of  the  pipe  so 
that  it  can  only  be  opened  from  the  locomotive  tender.  It  should  be 
provided  with  by-passes  so  as  to  be  cushioned  automatically  by  water 
pressure  in  opening  and  closing.  An  extra  automatic  device  should  be 
provided  on  pipes  located  in  cold  climates  so  as  to  drain  the  column 
above  the  valve.  This  should  be  so  arranged  that  it  can  be  cut  out 
during  the  warm   months. 

The  turning  device  should  be  so  arranged  that  the  pipe  can  be 
turned  from  the  tender  or  from  the  ground,  and  so  that  the  pipe  will 
be  automatically  locked  in  a  position  with  the  horizontal  pipe  parallel 
to  the  track.  This  lock  should  be  positive  so  as  not  to  be  easily  tam- 
pered with. 

The  horizontal  pipe,  when  flexible  joints  are  used,  should  have  a 
vertical  movement  to  accommodate  different  tender  heights. 

All  moving  portions  should  be  easily  accessible.  The  valve  should 
be  so  arranged  that  the  seats  can  be  readily  and  quickly  gotten  at  for 
repairs. 

(6)  TYPICAL   INSTALLATIONS. 

The  matter  of  typical  installations  for  different  conditions  is  one 
that,  owing  to  a  lack  of  time  for  its  proper  consideration,  the  Committee 
wishes  to  carry  over  for  another  year  and  asks  that  it  be  reassigned. 

(7)  METHODS   OF  OPERATION. 

In  regard  to  the  general  operation  of  steam  or  gasoline  pumping 
plants  the  Committee  recommends  that  it  is  much  more  economical,  from 
a  maintenance  standpoint,  to  hire  regular  pumpers  to  do  the  pumping 
at  both  steam  and  gasoline  plants  rather  than  depend  upon  some  other 
employe.  This  pumper  can  be  assigned  to  other  duties  which  will  not 
interfere  with  his  duties  as  pumper.  These  pumpers  can  be  moved 
from  place  to  place,  covering  two  or  three  plants,  and  sometimes  more, 
if  the  plants  are  properly  designed.  They  will  keep  the  plants  in  better 
order  with  less  repair  cost  than  if  the  plant  is  run  by  some  other 
employe  not  fitted   for   the   work.     Where   conditions   do   not   warrant   a 
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pumper,  the  engineer  of  some  neighboring  industry  can  sometimes  be 
utiHzed  as  a  pumper  at  a  very  reasonable  figure. 

The  Committee  recommends  that  accurate  record  be  kept  of  the 
cost  of  pumping  water  per  effective  horsepower  and  comparisons  be 
made  of  the  different  plants.  This  record  should  be  kept  by  the  use  of 
a  pressure  gage  on  discharge  pipe  and  revolution  counter  on  pump.  The 
pump  should  be  carefully  calibrated  every  thirty  days  so  that  a  definite 
ratio  can  be  established  between  counter  and  water  discharged.  This 
record  will  frequently  develop  some  weak  spot  in  the  plant  on  which  a 
few  dollars  spent  would  mean  a  large  saving  in  operation. 

Appendix  C  gives  "Pumping  Report"  recommended. 

Appendix  D  gives  "Monthly  Record  of  Cost  of  Water  Supply." 

Appendix  E  gives  "Water  Station  Record."  In  using  this  it  is  de- 
signed to  have  one  page  for  each  water  station  and  have  the  sheets 
bound  in  loose  leaf  so  that  additions  as  made  can  be  added  after  a 
page  is  full. 

DESIGN    OF    TRACK    PAN. 

The  Committee  has  received  copies  of  six  different  standards  for 
track  pans.  The  plans  are  all  very  elaborate  and  the  Committee  has 
not  been  able  to  go  into  them  as  thoroughly  as  would  be  required  to 
formulate  a  design.  The  plans  have  been  analyzed  and  compared,  how- 
ever,  with   the   following  results : 

LOCATION, 

All  are  located  on  tangent  as  shown  by  plans.  Track  pans  have, 
however,  l.cen   installed  on   curves   up  to  2  degrees. 

FOUNDATION. 

All  are  fastened  to  track  ties  from  8  in.  x  g  in.,  8  ft.,  to  8  in.  x  lo  in., 
8  ft.  6  in.,  and  a  2-in.  dap  in  tie  is  generally  made  to  bring  top  of  pan 
level  with  top  of  rail. 

LENGTH. 

Varies  from  1,200  to  1,800  ft. 

CROSS-SECTION. 

Widths  are  4-19  in.,  1-25  in.  and  1-23^  in.  in  clear  at  top.  Depths 
6  in.  to  7  in. ;  4  have  straight  sides  and  2  have  return  lips  made  of 
channels  or  angles.  The  19-in.  section  seems  to  give  the  best  results  so 
far  as  the  Committee  has  been  able  to  determine. 

END    INCLINES. 

These  vary  as   follows .  The  portion  beyond  the  pan  extends   from 

4  ft.  to  6  ft.  and  the  portion  in  the  pan  from  6  ft.  to  10  ft.     In  part  of 

the  plans  the  rate  of  incline  is  different,  depending  on  whether  it  is  an 
entrance  or  exit. 
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WATER    CONNECTIONS. 

In  all  cases  they  enter  in  bottom  of  pan.  Size  from  4  in.  to  6  in. 
Expansion  and  contraction  taken  care  of  in  5  cases  by  rubber  hose  and 
in  o!ie  by  a  packed  joint.  Various  styles  of  inlets:  i  has  2  holes 
4 -x  ^  in.  X  35/^  in.,  with  a  dtflcctor  directly  over  inlet;  i  has  an  enlarged 
pipe  from  6  in.  to  11  in.,  with  no  dellector;  i  has  a  large  lx)x  arranged 
with  a  deflector  at  top;  2  have  a  large  number  of  J/2-in.  to  ^-in.  holes 
in  bottom  plate;   i   plan   had   no  detail  of   inlet  on   it.    , 

HEATING    DEVICE. 

All  are  heated  by  steam.  Two  do  not  show  details ;  i  uses  the 
injector  principle  and  heats  water  by  jet  of  steam  before  it  enters 
pans;  3  admit  steam  through  J/^-in.  to  34"'"-  nozzles  pointed  downward 
at   sides  of  pan   every  30  or   40   ft. 

This  report  on  track  pans  is  submitted  as  a  progress  report,  and 
the  Committee  asks  that  the  subject  be  reassigned  for  the  next  year. 

CONCLUSIONS. 

Your  Committee  desires  to  submit  the  following  conclusions  in 
regard  to  the  general   principles   of  water   supply : 

Supply,  Quantity. — If  possible  within  economical  limits,  supply 
should  be  obtained  sufficiently  large  so  that  the  total  amount  of 
water  iikely  to  be  required  during  the  average  volume  of  business 
in  24  hours  can  be  drawn  from  the  source  in  7  hours  at  terminal  sta- 
tions  and   in  4  hours   at  intermediate   stations. 

Supply,  Source. — Where  water  of  suitable  quality,  and  in  sufficient 
quantity,  can  be  purchased  at  a  reasonable  figure,  it  is  recommended 
above   all   other   sources. 

Springs  should  be  carefully  gaged  for  a  period  of  at  least  one 
year  and  the  possibility  of  future  pollution  and  increased  demands 
for  supply  therefrom  carefully  considered  before  their  adoption  as  a 
permanent  source.  Reservoir  should  be  constructed  at  spring  where 
conditions  will  permit. 

Lakes,  natural  ponds,  creeks  or  rivers  require  special  investiga- 
tion in  each  case.  Points  to  be  considered  are  quantity,  quality  as 
regards  chemical  impurities  and  amount  of  sediment  carried,  future 
pollution  and  riparian  rights.  Style  of  intake  will  depend  on  local 
conditions  entirely.     No  definite   rules  can  be  given. 

Dug  well  construction  should  always  be  preceded  by  a  careful 
auger  test  to  determine  strata  to  be  encountered.  Size  and  con- 
struction depend  on  strata  to  be  passed  through,  and  no  definite  rule 
can   be   given. 

Surface  pipe  wells  are  very  satisfactory  where  local  conditions 
permit  of  their  use.  The  system  is  one  which  can  be  extended  t6 
collect   a   large   volume   of  ground   waters. 
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Artesian  deep  wells,  where  obtainable,  are  a  very  satisfactory  source. 
Their  flow   is   liable  to  constantly   decrease   and    finally   stop   altogether. 

Deep  wells  requiring  pumping  are  only  recommended  as  a  last 
resort. 

A  chemical  analysis  of  all  waters  should  be  made  and  the  question 
of  cost  of  treatment  if  required  thoroughly  investigated,  as  previously 
outlined  in  the  Manual. 

Pumping  Plants. — Size  of  plant  should  be  in  accordance  with 
table  following: 


TERMIN.A.L 

STATIONS. 

INTERMEDIATE    STATIONS. 

Quantity  Per  24 

Hrs.,  in  Gallons. 

Time  Pump  to 

Gallons 

Time  Pump  to 

Gallons 

Run  in  24  Hrs. 

Per  Minute. 

Run  in  24  Hrs. 

Per  Minute 

2,000,000 

20  Hours 

1666 

20  Hours 

1666 

1.750,000 

20  Hours 

1458 

20  Hours 

1458 

1 .500,000 

20  Hours 

1250 

20  Hours 

1250 

1 ,250,000 

20  Hours 

1042 

20  Hours 

1042 

1 ,000,000 

20  Hours 

833 

20  Hours 

833 

900,000 

20  Hours 

733 

20  Hours 

733 

800,000 

20  Hours 

666 

20  Hours 

666 

700,000 

20  Hours 

583 

20  Hours 

583 

600,000 

20  Hours 

500 

10  Hours 

10  Hours 

1000 
833 

500,000 

7  Hours 

1189 

10  Hours 

750 

450,000 

7  Hours 

1071 

10  Hours 

666 

4000,00 

7  Hours 

928 

10  Hours 

583 

350,000 

7  Hours 

838 

1 0  Hours 

500 

300,000 

7  Hours 

714 

250,000 

7  Hours 

595 

4  Hours 

1041 

200,000 

7  Hours 

476 

4  Hours 

833 

150,000 

7  Hours 

357 

4  Hours 

625 

100,000 

7  Hours 

238 

4  Hours 

416 

50,000 

7  Hours 

119- 

4  Hours 

208 

25,000 

7  Hours 

60 

4  Hours 

104 

Size  of  discharge  pipe  should  be  decided  in  accordance  with  the  following: 
Use  4"  Cast  Iron  Pipe  where  Qd  x  H  is  most  nearly  equal  to  0  3.55. 
Use  6"  Cast  Iron  Pipe  where  Qd  x  H  is  most  nearly  equal  to  0  437. 
Use  8"  Cast  Iron  Pipe  where  Qd  x  H  is  most  nearly  equal  to  0.519. 
Use  10"  Cast  Iron  Pipe  where  Qd  x  H  is  most  nearly  equal  to  0  6.56. 
Use  12"  Cast  Iron  Pipe  where  Qd  x  H  is  most  nearly  equal  to  0  820. 
Use  14"  Cast  Iron  Pipe  where  Qd  x  H  is  most  nearly  equal  to  1    162. 

When  Qd= Average  quantity  of  water  pumped  per  24  hours  in   1,000  gallons  and  H= 
friction  head  in  feet  for  one  foot  of  pipe  for  quantity  of  water  plant  is  to  handle  per  minute. 

Static  head  should  be  obtained.  Friction  head  should  be  calcu- 
lated in  accordance  with  friction  tables  and  50  per  cent,  added  thereto 
for  the  aging  of   the  piping  system. 

The   effective   horsepower   will   be 

Gallons  per  minute   X    static  head  -|-  friction  head  in   feet. 


*4,ooo 
Steam    should    be    selected   for   power    for   plants    up    to   5    E.    H.P. 
when   most  of  the   following  conditions   obtain : 


•Amend  to  read  "3960"  instead  of  "4,000." 
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(A)  Where  one  hundred  pounds  of  coal  unloaded  into  a  pump- 
house  is  cheaper  than  one  gallon  of  gasoline  delivered  at  gasoline 
storage  tank,  taking  into  consideration  the  number  of  hours  the  plant 
is  to  be  operated  and  the  location  of  plant  as  regards  delivery  of 
fuel ;  special  attention  also  being  paid  to  the  proper  design  of  pump 
as   regards  size  of  steam   and   water   cylinders  on   large  plants. 

(B)  Where  a  steam  plant  is  maintained  for  other  purposes,  as 
at  terminals  where  shops  are  run  by  steam. 

(C)  Where  interest  charge  on  plant  is  less  than  it  would  be 
on   a   gasoline   plant. 

Gasoline  should  be  selected  as  a  motive  power  where  most  of 
the   following  conditions  obtain: 

(A)  Where  one  gallon  of  gasoline  delivered  at  gasoline  storage 
tank  is  cheaper  than  lOO  lbs.  of  coal  unloaded  into  the  pumphouse, 
special  consideration  being  given  to  locations  remote  from  trackage 
and  isolated  stations  where  train  service  is  such  that  pumper  can, 
by  pumping  the  whole  of  his  time  between  trains,  do  the  pumping 
at  two  or  three  stations. 

(B)  Where  the  quality  of  the  water  is  such  that  it  will  neces- 
itate  heavy  boiler  repairs,  provided  boiler  compounds  cannot  be  suc- 
cessfully used. 

(C)  Where  interest  charge  on  plant  is  less  than  it  would  be  on 
steam  plant. 

Boiler  selected  should  have  the  relation  to  E.  H.P.,  as  shown  by 
Appendix  I,  and  should  carry   lOO  lbs.  steam. 

Steam  pump  selected  should  have  the  ratio  of  water  to  steam 
cylinders  as  large  as  possible.  Water  cylinder  should  be  of  proper 
size  to  discharge  the  required  amount  of  water  per  minute,  assuming 
70  strokes  per  minute  for  each  cylinder.  Pump  efficiency  should  be 
assumed  as  66  2-3  per  cent.  Initial  steam  pressure,  90  lbs.  per  square 
in.  Proper  ratio  of  water  to  steam  cylinder  should  be  as  per  dia- 
gram 4.  Size  of  steam  cylinder  should  be  in  accordance  with  this 
size  of  water  cylinder   and   ratio    (see  diagram   3,   Appendix   H). 

Gasoline  engine  selected  should  have  a  commercial  brake  horse- 
power rating  of  twice  the  effective  horsepower.  Engine  and  gearing 
for  reduction  of  speed  should  be  all  on  one  base,  with  friction  clutch 
connection  to  pump   shaft. 

Power  pump,  where  suction  lift  is  such  that  the  pump  can  be 
on  same  level  as  engine,  may  be  of  the  triple  single-acting  type,  or 
duplex  doul)le-acting,  direct  connected  to  engine  friction  clutch.  For 
small   plants   the  combined   engine   and   pump   are    recommended. 

Power  pump,  where  suction  lift  is  such  that  the  pump  must  be 
at  a  lower  level  than  engine,  should  be  single  cylinder,  double-acting 
type,  connected  to  engine  by   means  of  a  pitman   face  plate  and   shaft. 
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Number    of    strokes    per    minute,    pitman    and    stroke    length    should    be 
as    follows : 

12   in.    Stroke,    Pitman    length     6  ft..    No.    Strokes   per   minute    70. 

18  in.    Stroke,    Pitman    length     6  ft..    No.    Strokes    per   minute   46. 

24   in.    Stroke,    Pitman    length     8  ft.,    No.    Strokes    per   minute    35. 

30   in.    Stroke,    Pitman    length  10  ft.,   No.    Strokes   per   minute   28. 

36  in.  Stroke,  Pitman  length  12  ft.,  No.  Strokes  per  minute  23. 
Deep  well  pumping  plants,  where  gasoline  driven,  should  have 
same  proportion  of  stroke  pitman,  and  number  of  strokes  per  minute 
as  above.  When  steam  driven,  the  proportions  should  be  as  follows : 
Stroke  12  in..  No.  Strokes  per  minute  60,  No.  Cylinder  discharges  30. 
Stroke  18  in..  No.  Strokes  per  minute  40,  No.  Cylinder  discharges  20. 
Stroke  .24  in.,  No.  Strokes  per  minute  30,  No.  Cylinder  discharges  15. 
Stroke  30  in..  No.  Strokes  per  minute  24,  No.  Cylinder  discharges  12. 
Stroke  36  in..  No.  Strokes  per  minute  20,  No.  Cylinder  discharges  10. 
Size  of  gasoline  engine  and  steam  head  should  be  in  same  ratio 
as   for   surface  pumps. 

*Pumphouses  should  be  of  non-combustible-  material.  In  gaso- 
line plants  engine  should  be  in  a  room  by  itself,  with  floor  vents. 
Stoves  should  not  be  permitted  in  gasoline  engine  rooms.  Where 
there  are  deep  wells,  the  house  should  be  so  designed  that  it  can  be 
removed  or  opened  to  admit  of  a  well  machine  being  placed  over  it. 
At  terminal  stations  the  pumphouse  should  be  incorporated  with  other 
part   of   plant   where   possible. 

Each  plant  should  be  fitted  with  a  pressure  gage  on  discharge 
pipe  and  a  revolution  counter  on  pump. 

METHODS   OF   DELIVERY   TO   LOCOMOTIVES. 

FUNCTION     OF     WATER     STATION. 

(i)  A  water  station,  as  an  elementary  proposition,  consists  of 
a  supply  of  water,  with  means  of  delivering  same  to  locomotive. 
This  is  done  by  gravity,  except  with  Track  Pans,  where  the  same 
elementary  arrangement  is  present,  with  an  added  principle  for  com- 
pleting  the    delivery    in   those    special    cases. 

Where  the  topography  will  permit  full  elevation  the  arrangement 
may  consist  of  an  elevated  reservoir,  excavated  in  the  ground,  with 
pipe  line  and  water  column. 

Where  only  partial  elevation  can  be  secured  it  may  consist  of 
a  tub  restirig  on  the  surface,  with,  pipe  line  and  water  column. 

Where  the  topography  will  not  ofifer  even  partijtl  elevation,  same 
must  be  secured  by  artificial  means,  permitting  of  choice  in  location 
of  the  supply,  which  is  done  by  placing  same  (a)  near  the  track,  re- 
ducing the  cost  of  delivery  line,  and  (b)  distant  from  the  track, 
although  at  increased   cost  of  delivery  line. 

The    prevailing    topography    makes    artificial    elevation    necessary    at 
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a  large  majority  of  water  stations,  resulting  in  the  structure  known 
as  a  Storage  Tank,  which  is  subdivided,  naturally,  into  its  structural 
elements,  on  the  same  lines  as  those  occasioned  by  varying  topo- 
graphical conditions,  viz.,  Foundation,  Substructure,  Tub  and  Delivery 
Line. 

STORAGE   TANKS. 

(i)  The  foundation  should  be  made  of  any  good  masonry  locally 
available,  provided  it  also  withstands  (he  disintegrating  action  of  water. 

It  should  be  carried  below  frost  line  and  as  much  deeper  as 
necessary  to  reach  firm  bearing,  unless  piles  or  other  sub-foundations 
are  used. 

(2)  For  substructure  and  joists  the  use  of  steel  is  recommended. 
Increasing  the  height  of  the  substructure  increases  the  discharge  by 
less  than  the  ratio  between  the  square  roots  of  the  two  heads.  In- 
creasing the  size  of  the  column  supply  line  increases  the  discharge  by 
more  than  the  ratio  between  the  squares  of  the  two  radii.  The  work 
of  pumping  hence  fuel  consumption  is  directly  proportional  to  the 
head  pumped  against. . 

,  Twelve-inch  columns  are  practicsble  and  in  most  cases  sufficient 
with  tub  15  to  20  ft.  above  the  rail,  which  is  recommended  as  the 
most  economical  height. 

In  special  cases  it  may  be  more  economical  to  use  substructures 
higher  than  15  to  20  ft.  on  account  of  the  length  of  column  supply 
line  or  because  the  source  of  supply  is  elevated,  particularly  when 
from  a  municipal  plant. 

(3)  Tub. — The  life  of  white  pine  tubs  used  in  the  past  does  not 
exceed  twenty  years,  the  quality  used  at  present  is  inferior  and  will 
have  a  life  of  less  than  twenty  years,  the  price  has  been  increasing 
rapidly,  even  with  the  use  of  interior  lumber.  The  life  of  cypress 
used  in  the  past  does  not  exceed  twenty-five  years,  the  quality  at 
present  is  as  good  as  in  the  past,  the  price  has  been  rapidly  increas- 
ing. Further  increase  in  the  price  of  wood  tubs  is  to  be  expected 
in  view  of  the  rapid  depletion  of  forests.  The  use  of  wood  in  tubs 
limits   the   capacity   of   same. 

Details. 

SPECIFICATIONS    FOR    50.000-GALLON    WHITE    PINE    TUBS. 

(i)  (a)  The  inside  diameters  shall  be  24  ft.  at  the  bottom  and 
23  ft.  at  the  top.  The  sta\es  shall  be  16  ft.  long.  The  tub  shall  be 
made  of  carefully  selected  white  pine  lumber,  surfaced  to  2}4  in., 
which  is  free  from  sap,  shakes,  unsound  knots,  or  other  imperfec- 
tions whicli  can  cause  leaks  or  will  impair  the  durability  of  the  tub. 
(All  small  black  knots  extending  entirely  through  the  plank  shall  be 
carefully  bored  and  thoroughly  plugged.*)  All  staves  shall  be  full 
length  without  splicing.     Every  joint  shall  be  machine-made  and  perfect, 
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and  the  stave  joints  sawed  on  true  radial  lines,  with  due  regard  to  top 
and  bottom  diameter  of  tub. 

(b)  The  crozing  at  bottom  of  staves  shall  be  cut  with  proper 
regard  for  pitch  of  stave  when  in  position,  and  circular  in  shape,  so 
as  to  be  completely  filled  by   tub  bottom  when   staves   are   driven   up. 

(c)  The  outside  of  staves  shall  be  surfaced  convex  so  as  to  give 
a  full  bearing  to  hoop  throughout  the  width  of  each  stave. 

(d)  The  tub  shall  be  provided  with  hoops,  as  shown  on  plan, 
with  single  bolt  pressed  steel  draw  lugs  and  bolts   for  tightening. 

(e)  One  extra  stave  and  dowel  pins  shall  be  furnished  with  each 
tub.  Every  tub  shall  be  set  up  at  the  factory  and  the  bottom  and 
corresponding  stave  marked  and  numbered  before  being  knocked  down 
for  shipment.  The  location  of  the  hoops  shall  also  be  marked  on  the 
staves. 

(f)  Hoops  shall  be  of  muck  bar  iron,  4  in.  wide  by  5-16  in. 
thick,  spaced  as  shown  on  plan,  furnished  in  three  sections  and 
equipped  with  one-bolt  pressed  steel  lugs  and  bolts. 

(2)  Roof  may  be  of  material  and  design  to  conform  with  available 
markets  and  other  structures. 

(3)  Wooden  Storage  Tanks. — The  plan  submitted  in  Appendix 
K  is  recommended  as  good  practice. 

STEEL   STOR-^GE   TANKS 

Steel  tanks  are  recommended  as  good  practice  unless  the  character 
of  water  prevents  their  use.  They  have  a  life  more  than  double  that 
of  wood  and  larger  scrap  value  when  dismantled ;  the  first  cost  is 
not  much  greater  than  wood,  while  the  cost  for  proper  maintenance 
of  either  is  about  the  same.  Provision  for  increased  storage  can  be 
made  with  steel  tanks  when  first  erected,  the  additional  capacity  to 
be  obtained  by  making  tank  higher  whenever  necessary  at  small  cost 
compared  with  that  of  an  additional  wooden  tank.  Further  merit  of 
steel  tanks  is  reflected  in  conclusion  under  Tub — kind  of  material,  stated 
earlier.  The  Hemispherical  Bottom  Steel  Tank  with  steel  substructure 
is  not  used  ordinarily  except  at  terminals.  Three  types  of  steel  tanks 
are  used  at  intermediate  water  stations,  viz.,  Flat-Bottom  Tub  on 
steel  substructure,  Hemiellipsoidal  Bottom  Tub,  supported  by  steel 
posts  around  the  outside,  and  a  cylinder  or  mud-drum  5  or  6  ft.  in 
diameter  at  the  center  of  the  bottom,  the  mud-drum  serving  as  frost- 
proofing  for  the  tank  and  column  supply  lines,  and  as  a  settling 
basin  for  sediment  which  is  washed  out  through  blow-off  valve. 

Standpipe  Tub,  consisting  of  a  tub  imposed  directly  on  the  foun- 
dation, the  substructure  being  omitted.  The  portion  below  the  water 
column  nozzle  acts  as  a  settling  basin  for  sediment,  which  can  be 
readily  washed  out.  This  type  may  be  used  as  a  combined  storage  tank 
and  water  softener,  the  raw  water  and  chemicals  being  introduced  at 
the  bottom,  the  treated  water  being  drawn  from  upper  portion  by  means 
of  a  floating  intake. 
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TUB   UNIT   CAPACITY. 

(i)  The  tub  unit  capacity  at  Intermediate  Water  Stations  de- 
pends on  the  relation  of  consumption,  cost  of  installation  and  opera- 
tion. It  is  recommended  that  the  unit  be  at  least  50  per  cent,  greater 
than    the   maximum    daily    consumption    when    erected. 

(2)  The  tub  unit  capacity  at  terminals  also  depends  on  the  re- 
lation of  consumption,  cost  of  installation  and  operation.  The  unit 
capacity  in  this  case  is  particularly  subject  to  local  conditions  and  no 
general  relation  obtains  between  it  and  the  consumption.  Ordinarily 
the  tub  serves  as  an  equalizer  to  take  care  of  iieavy  and  light  periods 
during  the  24  hours,  and  the  unit  is  generally  less  than  the  consumption. 

WATER  COLUMNS. 

When  the  cost  is  not  of  first  importance,  or  when  the  objections 
to  tank  spouts  are  not  nullified  by  local  conditions  in  special  cases, 
the  use  of  water  columns  is  recommended  as  good  practice. 

Supply  line  should  be  same  size  as  column  where  distance  to 
storage  tank  is  not  over  100  ft. ;  where  distance  is  greater,  one  size 
larger  is  recommended. 

Column   pit    should    be    waterproof    and    drained. 

Column  valve  should  operate  from  locomotive  tender  only,  and 
should  be  water-cushioned  and  provided  with  automatic  drain  for  part 
of  column  above  freezing  line  in  cold  climates. 

Turning  device  should  operate  from  tender  or  ground  and  have 
automatic  lock  to  keep  horizontal  part  of  column   parallel  to  track. 

Horizontal  pipe,  when  flexible  joints  are  used,  should  have  vertical 
movement   sufficient  to  accommodate  high   and  low  engine   tenders. 

All  moving  parts  of  column  for  operating  same  should  be  easy 
of  access. 

OPERATION. 

Regular  employes  should  be  kept  in  the  service  whose  principal 
business  is  the  operation  of  the  pumping  plant.  A  traveling  repair- 
man should  visit  each  plant  periodically  and  attend  to  all  repairs, 
which  canned   be  made  when  plant  is   running. 

Accurate  records  should  be  at  hand  in  the  office  of  the  official 
having  charge  of  this  branch  of  the  service,  as  indicated  by  Appendix  E. 

Accurate  reports  of  pumping  service  should  be  kept,  as  indicated 
in  Appendices   C  and   D. 

Respectfully    submitted, 
C.    L.    Ransom,    Resident    Engineer,    Chicago    &    Northwestern    Railway, 

Omaha,  Neb.,  Chairman. 
M.    H.    WicKHORST,   Engineer   of   Tests,    Chicago,    Burlington    &   Quincy 

Railroad,  Aurora,  111.,   Vice-Chairman. 
J.  L.  Campbell,  Engineer  Maintenance  of  Way,  El  Paso  &  Southwestern 

Railway  System,  El  Paso,  Tex. 
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J.  P.  CoNGDON^  Supervising  Engineer,  Oregon  Short  Line,  Pocatello,  Ida. 

Robert  Ferriday,  Engineer  Maintenance  of  Way,  Cleveland,  Cincinnati, 
Chicago  &  St.  Louis  Railway,   Indianapolis,  Ind. 

G.  H.  Herrold,  Division  Engineer,  Chicago  Great  Western  Railway, 
Chicago,  111. 

E.  G.  Lane,  Engineer  Maintenance  of  Way,  Baltimore  &  Ohio  Railroad, 
Pittsburg,   Pa. 

L.  B.  iMerriam,  Division  Engineer,  Grand  Trunk  Pacific  Railway,  Win- 
nipeg, Man. 

C.  A.  Morse,  Chief  Engineer,  Atchison,  Topeka  &  Santa  Fe  Railway, 
Topeka,  Kan. 

L.  P.  Rossiter,  Division  Engineer,  Baltimore  &  Ohio  Railroad,  Pitts- 
burg,  Pa.  Committee. 
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Appendix    G. 

LAYOUT  FOR  DEEP  WELLS. 
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Appendix    H. 

RELATIVE  VALUES  OF  COAL  AND  GASOLINE  AS  FUEL  FOR 
RAILROAD    PUMPING   STATIONS. 

By  A.  K.   Shurtleff. 

The  following  analysis  of  the  relative  value  of  coal  and  gasoline  as 
fuel  for  pumping  stations  is  based  almost  entirely  from  data  obtained  in 
the  practical  handling  of  ordinary  railroad  water  stations  by  the  class 
of  labor  usually  employed  to  operate  the  same-  There  is  no  claim  for 
scientific  accuracy  in  the  dala  obtained  and  used  in  making  the  deduc- 
tions contained  herein.  Mean  heads  were  used ;  tank  measurements 
taken  for  quantities  of  water  handled  and  the  fuel  used,  based  on 
actual  amounts  charged  to  the  stations,  corrected  by  estimating  the 
amount  on  hand  at  the  beginning  and  end  of  each  month.  The  coal 
used  was  "run  of  mine,"  averaging  about  ii,coo  B.  T.  U.  per  lb.  The 
steam  pumping  plants  consisted  of  either  vertical  or  locomotive  type 
boilers  and  direct  double-acting  pumps  of  either  simplex  or  duplex 
patterns,  with  no  special  protection  of  steam>  connections  to  boiler. 
Gasoline  plants  consisted  of  engine  wi.h  either  triplex  pumps  or  with 
double-acting  pump  connected  by  pitman  to  jack  or  other  speed- 
reduction   gear. 

The  data  obtained  cover  a  period  of  several  months'  operation  at 
each  station  and  were  sufficiently  accurate  to  determine  the  relative 
values  of  the  different  fuels.  The  deductions  made  are  based  entirely 
on  types  of  plants  described,  which  are  representative  of  the  major 
portion  of  pumping  plants  as  established  by  the  railroads  of  this 
country. 

STEAM     PLANTS. 

Diagram  No.  i  shows  the  quantity  of  steam  used  per  indicated 
H. P. -hour  in  performing  work  in  the  pump  cylinder.  This  is  exclusive 
of  steam  losses  from  condensation,  etc.  The  cubic  feet  was  first  cal- 
culated from  the  formula  given  on  the  diagram  and  then  converted  into 
pounds.  Particular  attention  is  called  to  the  effect  of  low  cylinder 
pressure. 

With  coal  of  ii,ooo  B.  T.  U.  per  lb.,  and  with  plants  as  described, 
there  was  obtained  an  average  equivalent  evaporation  from  and  at 
212  degrees  of  about  2J/3  lbs.  of  useful  steam.  Diagram  No.  2  shows 
the  pounds  of  coal  required  per  effective  H. P. -hour  for  pumps  having 
mechanical  efficiency  of  0-66^  and  0.75.  The  curve  is  obtained  by 
dividing  the  pounds  equivalent  evaporation  from  and  at  212  degrees 
(as   shown  on   Diagram   No.    i)    by  2j/5    times  the  pump   efficiency. 
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The  mechanical  efficiency  of  pumps  will  vary  greatly.  In  the 
same  pump  the  efficiency  will  be  less  at  lOO  revolutions  per  minute  than 
at  half  this  speed,  as  it  requires  more  power  to  move  the  pistons  at 
the  higher  speed ;  further,  the  friction  of  the  larger  amount  of  water 
in  the  pump  passages  will  be  increased  at  the  higher  speed.  A  pump 
handling  a  given  quantity  of  water  against  a  200-ft.  head  will  have  a 
much  greater  efficiency  than  if  handling  the  same  quantity  of  water 
against  a  20-ft.  head,  as  the  internal  friction  of  pump  would  be  prac- 
tically the  same.  Experiments  have  shown  efficiencies  varying  from 
0.30  at  lo-ft.  lift  to  0.90  at  i6o-ft.  lift.  (See  Kent's  Pocket  Book,  page 
6o8.)  For  purposes  of  comparison,  66?^  per  cent,  efficiency  has  been 
used  in  all  the  diagrams  and  tables,  this  approximating  the  average  con- 
dition   at    railway   pumping   plants. 

From  Diagram  No.  2  it  can  be  seen  that  fuel  economy  demands 
that  pumps  iSe  so  proportioned  that  the  steam  pressure  required  in  the 
cylinders  be  as  high  as  consistent  with  the  boiler  pressure  that  can  be 
safely  carried,  or,  in  other  words,  the  ratio  of  area  of  water  cylinder 
to  area  of   steam   cylinder   be    as   large    as    practicable. 

Table  No.  3  gives  the  ratios  for  a  number  of  standard  makes  of 
pumps  of  various  proportions.  Pumps  of  ratio  greater  than  0.6  are 
seldom  built  for  water  pressures  above  75  lbs.,  so  this  must  be 
taken  into  consideration  when  designing  pumping  plants.  Nearly  all 
the  smaller  boilers  are  constructed  to  carry  safely  ico  pounds  pressure, 
so  that  a  pressure  of  90  pounds  in  cylinder  can  be  safely  assumed 
where  required. 

The  cylinder  steam  pressure  required  to  operate  a  pump  is  de- 
termined   by    the    following    formula: 

Water  Pressure  X  Ratio 

Cyl.    Steam    Pressure  = ; 

Efficiency 

Diagram  No.  4  shows  steam  pressure  required  per  pound  of  water 
pressure   for  various    cylinder    ratios. 

To  illustrate  the  value  of  keeping  ratio  of  cylinders  as  large  as 
possible,  let  us  assume  a  plant  handling  360  gallons  of  water  per 
minute  against  a  55-ft.  head.  Pump  efficiency  0.66^3.  There  would 
be  5  E.  H.P.  of  work  done.  Assuming  not  over  70  strokes  per  minute, 
water  cylinders  of  8-in.  in  diameter  would  be  about  the  proper  size  for 
this  work,  using  duplex  pump.  The  greatest  ratio  of  this  size  in 
standard  makes  is  1.78,  having  6-in.  steam  cylinders.  Steam  pressure 
required  for  this  work  from  formula  would  be  63.6  lbs.  If  a  pump  of 
14-in.  steam  cylinders  had  been  installed  (ratio  0.33),  the  steam  pres- 
sure required  would  be  only  11.8  lbs. 

The  coal  used  per  hour  in  the  first  case  would  be  150  lbs.,  while 
in  last  case  it  would  be  about  287  lbs.  This  is  not  an  unusual  case,  and 
many  cases  exist  where  high-pressure  pumps  are  working  against  low 
water  pressure  at  great  waste  of  fuel. 
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GASOLINE     PLANTS. 

Gasoline  engines  are  practically  a  constant  speed  motor,  and  within 
the  limits  of  load  the  internal  friction  of  the  engine  is  practically 
a  constant.  The  engines  are  rated  at  the  brake  horsepower  they  can 
deliver    at    the    main    shaft    or    pulley. 

Diagram  No.  5  shows  the  average  horsepower  required  to  over- 
come the  internal  friction  of  engines  of  various  sizes.  It  is  made  from 
an  average  of  a  large  number  of  tests  on  the  floors  of  two  of  the 
principal  faclories,  combined  with  tests  of  engines  that  have  been  in 
actual  use,  and  represents  a  fair  average  for  engines  that  have  been 
kept   in    reasonably   good   condition. 

Extensive  experiments  by  the  United  States  Department  of  Agri- 
culture (see  Office  of  Experiment  Stations,  Bulletin  181)  show  that 
the  quantity  of  gasoline  used  is  practically  directly  proportional  to  the 
indicated  horsepower  of  work   done. 

In  railroad  pumping  stations  the  average  gasoline  used  per  indi- 
cated H.P.-hour  is  one  pint.  Under  intelligent  supervision  this  has 
been  reduced  25  per  cent.,  but  the  same  is  also  true  of  the  steam  plants 
under  intelligent  firing.  In  the  hands  of  experts  on  the  testing  floor 
the  average  gasoline  used  per  I.  H.P.-hour  is  about  two-thirds  of  a  pint. 

The  great  difference  in  quantity  of  gasoline  is  mostly  due  to  the 
air  mixture,  although  the  time  of  ignition  also  materially  affects  the 
quantity.  (See  article  by  P.  F.  Walker  on  "Economy  in  Gasoline  En- 
gine Operation,"   in  Pozcer  for   September,    1908.) 

Table  No.  6  shows  the  average  quantity  of  gasoline  used  in  pump- 
ing plants  for  various  sized  engines  under  different  E.  H.P.  loads,  as- 
suming the  efficiency  of  the  pump  and  speed  reduction  gear  as  66^3  per 
cent.  It  will  be  noted  \hat  the  quantity  of  gasoline  used  per  E.  H.P.- 
hour  decreases  as  the  load  increases. 

COMPARISON    OF    STEAM     WITH     GASOLINE. 

From  the  foregoing  it  can  be  seen  that  there  are  so  many  condi- 
tions entering  into  the  quantity  of  fuel  used  that  no  fixed  value  can  be 
made  between  gasoline  and  coal.  However,  the  relative  value  can  be 
ascertained  for  each  particular  case,  and  general  values  can  be  fixed 
within   reasonable   limits,   providing  plants   are  properly  proportioned. 

The  proportioning  of  steam  pumps  should  not  only  cover  the  cylin- 
der ratios,  but  the  water  cylinder  should  be  of  a  size  to  require  not  to 
exceed  70  strokes  per  minute  in  ordinary  operation.  This  to  give  time 
for  valves  to  close  and  reduce  cost  of  pump  repairs.  In  gasoline 
plants  the  engine  should  not  be  loaded  above  75  per  cent,  of  its  brake 
horsepower.  While  this  increases  the  fuel  used  per  E.  H.P.-hour,  the 
decreased  cost  of  repairs  will  more  than  offset  the  excess  fuel  cost. 

Table  No.  7  is  made  up  on  the  foregoing  basis  from  Table  No.  6 
and   Diagram   No.   2.      It   shows   the   relative  value   for   various   cylinder 
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steam    pressures    and    for    various    sizes    of    engines    at    full    load    and 
three-fourths    load. 

Steam  pumps  are  built  in  such  various  proportions  that  it  is  sel- 
dom necessary  to  install  a  pump  requiring  as  low  as  30  lbs.  steam 
pressure.  In  fact,  with  coal  of  ii.cco  B.  T.  U.  per  pound,  and  with 
requirements  of  150  to  4C0  gallons  water  per  minute,  it  is  possible  to 
proportion  the  plants  with  standard  sizes,  so  that  one  gallon  of 
gasoline  would  be  equivalent  to  from  100  lo  120  lbs.  of  coal,  loading 
cither   type   plant    for   economical   maintenance   and   operation. 
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TABLE    SHOWING  RATIO  OF  AREA  OF  WATER   CVUNOERS  TO  STEAM 
CYUr>4DERS  FOR  VARIOUS  STAISDARD  SIZES  DIRECT  ACTING  STEAM  PUMPS 
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No. 


1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
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Rated 

Capacitv 

Gals. 


10,000 
30,000 
32,000 
47,000 
47,000 
47,300 
48,600 
48,600 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 
50,000 


50,000 
50,000 
50.000 
47,000 
47,000 
.50,000 
100,000 


50,000 

50,000 

65,000 

t65,000 

1 65, 000 

100,000 

1 165,000 

tl  65,000 


Construction  Materials. 


Foundation 


Concrete 
Concrete 
Stone.  .  . 
Concrete 
Concrete 
Stone...  . 
Stone.. .  . 
Piles...  . 
Concrete 
Concrete 
Concrete 
Concrete 
Concrete 
Concrete. 
Concrete 


Tower. 


Concrete . 
Concrete. 
Concrete . 
Concrete . 
(Concrete . 
Concrete . 
Concrete . 


Concrete . 
Concrete . 
Concrete . 
Concrete . 
Concrete . 
Concrete . 
Concrete . 
Concrete . 


Costs  (Approx.  Average) 


18'  Timber.. 
13'  Timber.. 
18' Timber.. 
Timber  .... 
Timber  .... 
18'  Timber.. 
18'  Timber.  . 
IS'  Timber.. 
16'  Timber.. 
32' Timber.. 
Timber  .... 
22'  Timber .. 
12'  Timber.. 
17'  Timber.. 
27'  Timber.. 

16'  Steel 
32'  Steel 
Steel .... 
Brick  . .  . 
Brick  . .  . 
Brick  ..  . 
Steel .... 

16'  Steel 
32'  Steel, 

Steel 

None ...  . 
None...  . 
Steel...  . 
None.,.  . 
None...  . 


Tank.      Foun- 
dation 


Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood 
Wood  1 

Wood 

Wood 

Wood 

ood 


S  75 
120 
195 
497 
248 
438 
400 
95 
396 
420 
200 
196 
300 
312 
312 


255 
275 
424 
730 
Wood  1,952 
Wood  *1,300 
Wood  I      900 


Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 


255 

265 

308 

t586 

t869 

700 

t586 

t869 


Super- 
struc. 


$660 
1,150 
1,102 
1,665 
2,008 
1,312 
1,204 
1,266 
1,404 
1,680 
1,300 
1,204 
1,200 
1,488 
1,688 


2,095 
2,475 
1,704 
2,466 
2,466 
1,200 
2,100 


Total. 


$735 
1,270 
1,297 
2,162 
2,256 
1,750 
1,604 
1,361 
1,800 
2,100 
1,500 
1,400 
1,500 
1,800 
2,000 


Per 
M.Gal. 


2,350 
2,750 
2,128 
3,196 
4,418 
2,500 
3,000 


2,295 
2,685 
2,238 
1,987 
1 ,987 
2,800  i 
4,228 
4,228 


2,550 
2,950 
2,546 
2,573 
2,8.56 
3,500 
4,814 
50,97 


*No.  21 — Foundation  Cost  includes  Tower. 

tNo.s.  26,  27,  29  and  30;  Standpipe  Type  Capacity  above  the  twelve-foot  line. 
Costs  are  for  warm  and  cold  climates  respectively. 


$73.50 
42.33 
40.53 
46.00 
48.00 
37.00 
33.00 
28.00 
36.00 
42.00 
30.00 
28.00 
30.00 
36.00 
40.00 


47.00 
55  00 
42.56 
68.00 
94.00 
50.00 
30.00 


51.00 
59  00 
39.17 
39  59 
43.94 
35.00 
29.18 
30  89 


Appendix   K. 

lilSTORICy\L    NOTES    ON    LOCOi.MOTiVK    WATER    SUPPLY- 
NEW    YORK    CENTRAL    &    HUDSON    RIVER    RAILROAD. 

By   C.   H.   Rice. 

In  the  early  days  of  railroading  the  question  of  water  supply  for 
locomotives  was  not  nearly  so  important  as  at  the  present  time.  The 
locomotive  tanks  held  but  a  few  barrels  of  water  and  the  number 
of  locomotives  was  very  small.  In  1840  the  New  York  &  Harlem 
Railroad  had  but  seven  locomotives,  and  until  1844  the  Auburn  &  Roch- 
ester Railroad  had  but  ten.  Regular  freight  service  between  Rochester 
and  Auburn  was  started  in  1846  with  one  train  a  week  each  way. 
which  amply  provided  for  the  business. 

Mr.  William  Perry,  now  living  at  Rochester,  hale  and  hearty  in 
spite  of  his  80-odd  years,  began  railroading  as  a  locomotive  engineer 
in  1840,  and  retired  from  railroad  service  in  1880.  He  was  more  or 
less  familiar  with  the  old  New  York  Central  group  of  roads,  extending 
from  Albany  to  Buffalo,  the  first  link  of  which — the  Mohawk  &  Hudson 
River  Railroad — was  opened  in  1831,  and  the  last  link — the  Attica  & 
Buffalo  Railroad — opened  in  1842.  He  was  especially  familiar  with  the 
Auburn  &  Rochester  Railroad,  opened  in  1841,  but  all  the  roads  were 
very  similar  in  their  equipment  for  supplying  water  to  locomotives. 
Tanks  were  usually  round  (there  were  probably  few  rectangular  ones) 
and  quite  small,  probably  about  12  ft.  in  diameter  by  8  ft.  in  height,  and 
as  traffic  increased  a  second,  or  even  at  important  points  a  third  and 
fourth,  lank  was  added.  These  old  original  tanks  were  gradually  re- 
placed by  larger  tanks,  but,  according  to  present-day  practice,  still  quite 
small,  having  a  capacity  at  the  most  of  15,000  gallons.  It  was  quite 
usual  to  house  in  the  tank,  or  tanks,  and  a  stove  on  the  ground  floor 
was  used   to   prevent    freezing   in   winter. 

Frost-proof  tanks  made  their  appearance  about  1872,  among  the 
first — if  not  the  first — being  one  at  Front  Street,  Schenectady.  Tanks 
now  in  use  are  mostly  quite  modern,  the  great  majority  having  been 
built  since  1900,  and  are  of  50,000  gallons  capacity.  The  oldest  tanks 
in  use  are  at  Alder  Creek,  Jpetween  Utica  and  Carthage,  built  in  1874, 
two  tanks  of  6,200  gallons  each. 

In  early   days  the  water  supply  at  terminals  was  often  quite  incon 
venient,  according  to  present-day  standards.     The  New  York  &  Harlem 
Railroad  built  shops  and  an  engine  house  at  Thirty-second   Street,   New 
York,    in    1846,   prior    to   which    their    locomotives    had    run    to    Twenty- 
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Sixth  Street.  As  to  the  water  supply  at  this  original  terminal,  little 
or  nothing  is  known,  but  at  the  Thirty-second  Street  engine  house  and 
shops  the  water  was  stored  in  a  round  tank  in  the  shop  on  the  west 
side  of  the  street,  and  the  locomotives  were  housed  on  the  east  side 
of  street.  Locomotives  had  to  enter  the  shop  to  take  water  through 
a  leather  hose.  After  a  lengthy  dispute  with  the  city,  the  use  of  steam 
locomotives   south   of   Forty-second   Street  was   discontinued   about    i860. 

The  engine  house,  which  was  built  a  few  hundred  feet  north  of 
Forty-second  Street  near  Madison  Avenue,  was  equipped  with  a  4-in. 
pipe  carried  on  roof  trusses  and  extended  around  the  house  so  as  to 
supply  each  engine  track.  Over  each  tender  there  was  a  valve  and  a 
short  length  of  leather  hose.  The  water  supply  was  from  a  large  city 
main  in  Fourth  Avenue. 

At  Albany,  water  was  obtained  by  backing  off  the  turntable  onto 
track  in  the  roundhouse,  alongside  of  which  a  3-in.  pipe  came  out  of 
the  ground.  It  was  necessary  to  open  a  stop-cock,  and  water  was 
admitted  through  leather  hose.    The  supply  was  by  gravity. 

At  the  Front  Street  roundhouse,  Schenectady,  water  was  pumped 
through  pump  logs  from  the  Mohawk  River  into  a  brick  tank  or  stand- 
pipe  built  up  through  the  house,  with  a  capacity  of  about  2,000  gallons. 
A  3-in.  cast-iron  pipe,  connected  with  this  tank,  stood  at  the  entrance  to 
the  house,  and  all  engines  when  they  went  onto  the  turntable  for  turn- 
ing took  water  through  a  leather  hose  connecting  to  this  3-in.   pipe. 

The  connection  from  tank  to  tender  -was  originally  in  most  cases 
(possibly  all)  a  copper-riveted  leather  hose.  By  1850  metal  spouts  had 
made  their  appearance,  and  about  1853  all  tanks  on  the  Syracuse  & 
Auburn  road  were  equipped  with  copper  spouts.  So  far  as  can  be  ascer- 
tained, wooden  rpouts  were  never  used.  The  use  of  leather  hose  for 
spouts  lingered  in  some  places  to  quite  a  late  date — at  the  New  York 
&  Harlem  engine  house,  north  of  Forty-second  Street,  on  the  site  of 
the  Grand  Central  Yard,  until  the  house  was  abandoned  upon  the  open- 
ing of  the  Grand  Central  Station  in  1871 ;  at  Ossining  until  about  1880. 
The  older  parts  of  the  Rome,  Watertown  &  Ogdensburg  were  originally 
equipped  with  leather  hose,  which  were  replaced  by  metal  spouts  about 
1855. 

In  the  very  beginning  gravity  was  used  for  water  supply  to  tanks 
where  it  was  easily  attained,  Victor,  between  Rochester  and  Canandaigua. 
being  an  example  of  such  early  use.  The  most  usual  practice,  however, 
was  the  use  of  hand-power  pumps.  The  man  who  worked  the  pump 
was  in  most  cases  switch  tender.  As  traffic  increased,  it  became  neces- 
sary for  the  pumper  to  give  his  whole  attention  to  keeping  the  tank 
full,  and  with  the  gradual  use  of  night  trains  the  employment  of  two 
men  became  necessary.  The  use  of  hand  power  continued  in  a  few 
cases  to  quite  a  late  date;  at  Batavia  and  Canandaigua  its  use  was  dis- 
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continued  about  1870;  it  was  in  use  on  the  New  York  &  Harlem  Rail- 
road, at  Pleasantville,  as  late  as  1886. 

Near  Richville,  on  the  Potsdam  &  Watertown  Railroad,  opened  1857 
(now  Rome,  Watertown  &  Ogdensburg),  a  man  hired  to  work  a  hand 
pump,  contrived  a  small  homemade  overshot  wheel  to  do  the  work 
and  hired  himself  to  a  section  foreman  as  a  section  hand,  thereby 
getting  double  pay.  This  was  soon  discoveied  and  the  ingenious  pumper 
promptly  discharged,  but  his  overshot  wheel  continued  in  service  until 
about  1882. 

Horse-power  was  used  for  pumping  in  a  few  instances.  At  Cayuga, 
Coldwater  and  Batavia  such  power  was  used  but  a  short  time,  and 
about  1845  it  was  replaced  by  either  hand  power  or  hot-air  engines. 
At  Sanborn,  on  the  Rochester,  Lockport  &  Niagara  Falls  Railroad, 
horse-power  was  used  until  about  1870. 

Little  definite  informatian  is  obtainable  about  the  old  hand  and 
horse-power  pumps.  .They  were  probably  commercial  products  of  the 
day,  and  the  successive  consolidations  of  lines  has  made  it  impracticable 
to  search  old  files  which  would  probably  give  very  little  information 
if  this  were  practicable. 

Hot-air  engines  were  in  use  at  an  early  date,  possibly  before  1845 ; 
by  1850  their  use  was  rather  common.  About  1868  they  began  to  be 
replaced   by   steam   engines,   and   they   rapidly   disappeared    from    service. 

About  1868  quite  a  number  of  rotary  pumps  were  installed.  Their 
use  continued  until  1875.  At  Fishers,  between  Rochester  and  Canandai- 
gua,  water  is  now  pumped  by  a  water  turbine,  w-hich  has  been  in  use 
since  about  1875. 

Hydraulic  rams  have  been  used  in  at  least  three  cases;  at  Cale- 
donia, between  Batavia  and  Canandaigua,  w-here  it  was  discontinued 
about  1875,  and  at  Cold  Spring  and  Montrose,  between  New  York  and 
Albany,  where  they  did  not  prove  satisfactory,  and  were  replaced  by 
hand  power  about  i860. 

The  use  of  windmills  for  pumping  has  been  very  limited.  One 
was  erected  at  Spencerport  about  1878,  and  discontinued  tv/o  years 
later.  Two,  .-upplemented  by  steam  power,  are  still  in  use,  one  at 
Karner,  the  other  at  Chateaugay. 

Steam  power  has  been  used  for  pumping  almost,  if  not  quite,  from 
the  beginning.  The  tank  in  the  shop  built  by  the  New  York  &  Harlem 
Railroad  in  1846,  west  of  Fourth  Avenue  at  Thirty-second  Street,  New 
York,  was  filled  by  a  steam  pump.  On  the  western  portion  of  the 
road  some  Knowles  pumps,  installed   in   1868,   were   used   until    1502. 

The  first  electric  pump  w^as  installed  at  North  White  Plains  in  1901. 
It  is  a  Deane,  15,000  gallons  per  hour,  and  takes  current  from  the 
company's  generators.  It  has  proved  very  satisfactory.  A  second  elec- 
tric pump  is  now  being  installed  at  Horseshoe,  on  the  M.  &  M.  R.  R. 
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The  first  water  column  on  the  New  York  Central  Lines  was  prob- 
ably one  ni  the  present  Grand  Central  Yard,  installed  about  i860,  sup- 
plied from  city  main.  There  was  no  means  of  draining  the  pipe,  and 
in  cold  weather  fire  was  frequently  built  about  it  to  thaw  it  out. 
About  1872  the  shops  at  West  Albany  made  some  water  columns,  and 
one  was  installed  at  Schenectady  and  one  at  Yosts.  These  columns 
Jwere  much  like  those  now  in  use,  except  for  size.  In  the  western  part 
of  the  state  columns  from  West  Albany  were  first  used  about  1876. 
On  the  Rome,  Watertown  &  Ogdensburg,  where  very  severe  winter 
weather  is  encountered,  a  short  length  of  steam  hose  has  been  pro- 
vided at  each  water  column  since  1900;  steam  from  a  locomotive  blown 
into  a  column  quickly  relieves  any  trouble  from  frost.  At  other  points 
on  the  system  a  steam  jet  is  introduced  into  the  pit  with  satisfactory 
results,  and  at  yet  others,  a  large  tin  lamp,  with  a  deflector  to  keep 
water  from  dripping  on  the  flame,  is  placed  in  pit  in  extreme  v/eather. 
This  latter  method  has  proved  quite  effective,  and  it  is  usually  made 
the  duty  of  the  section   foreman  to   look  after   the  matter. 

The  first  track  pan  in  the  United  States  was  built  at  Montrose, 
between  New  York  and  Albany,  and  put  in  service  in  1870.  It  was 
for  the  use  of  the  fast  Saratoga  trains  at  that  time,  was  supplied  with 
water  by  a  hand  pump,  and  no  provision  was  made  against  cold  weather, 
its  use  being  discontinued  in  the  winter. 

The  first  track  pan  on  the  Mohawk  Division  was  at  Palatine  Bridge, 
and  was  installed  about  1889.  It  has  since  been  replaced  by  one  at 
Yosts. 

The  first  track  pan  on  the  Western  Division  was  built  in  1892,  at 
Churchville. 

The  use  of  pump  logs  was  quite  usual  in  the  early  days,  especially 
on  the  Rome,  Watertown  &  Ogdensburg,  where  the  last  of  them  was 
dispensed  with  in  1900,  at  Lyons  Falls.  At  Attica  and  East  Bloomfield, 
on  the  Western  Division,  pump  logs  were  in  use  until  1890,  when  they 
were  replaced  with  cast-iron  pipe. 

The  accompanying  map  gives  location  of  present  water  stations,  and 
the    tables    give    in    considerable    detail    information    concerning    them. 
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LOCOMOTIVE    WATER    SUPPLY    STATIONS. 

N.    Y.    C.    &    H.    R.    R.    R. — MAIN    LINK,    WESTERN    DIVI.SION. 
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LOCOMOTIVE    WATER    SUPPLY    STATIONS. 

N.    Y.    C.    &    H.    R.    R.    R. — MAIN    LINE,    WESTERN    DlVISrO-V. 
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LOCOMOTIVE 

.    Y.    C.     &    H.    R*    R 

WATER    SUPPLY    STATIONS. 

.    R. — WEST    SHORE.     WESTERN    DIVISION. 
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^•/tf- 

^y.'.-A 

/"' 

<£ 

fl^V 

hioi 

J*/ 

Ltxem 

/a^.i/ 

Ire 

/;to/ 

z. 

57^*^4 

'!(" 

A- 

7-f 

/•/o/ 

,?-r 

2.3aoo 

/e 

Sf- 

/-'■ 

im 

■iz 

UPrif*: 

fan-f^ 

iO 

iffin 

2. 

Sa'lillr. 

^^• 

I^B.3 

■— 

16 

fa 

^~ 

lAi- 

tff 

\fl>^h^ 

lf,ly^ 

l?9' 

.. 

JL 

.fa 

^ 

1  • 

^^' 

ZJ.ao'i 

8' 

lA 

1*' 

>9Ji 

eo 

/ern^y 

''H' 

hC 

tf»p 

?. 

1  ^ 

7 

?jv 

IftfZ. 

,  « 

,, 

14 

So 

,^ 

101) 

84- 

Vti-Mrl 

/-///> 

t-c 

'ly-r 

/' 

,  , 

/0fiJ 

/ 

,, 

, , 

IP  9:1 

J& 

^ 

,. 

,1 

,, 

^, 

1093 

" 

I9f3 

/ 

&^/»-.X 

'fl-'T 

ti^.-) 

Gasoline- 
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WATER   SERVICE. 


LOCOMOTIVE    WATER    SUPPLY    STATIONS. 


N.    Y.    C.    &    H.    R.    R.    R. — MAIN    LINE,    WESTERN    DIVISION. 


No 

Jr/ina/v 

Location 

W/JT£P     SuPPl.  T 

;^/v,>(-  0/-  RtSEavoifi 

P'f£                    1 

5o(/ffCE 

CWw/ 

ffs/rr 

WJ' 

5/.ze 

cap 

^^17* 

Suppli,  re  TanH 

nrrr^  n^^^Tt^ 

S,«U-j«J 

Yoor 

S.i. 

U^, 

;r; 

Minod 

fnj.  Ho. 

i.-,€  5f.«efl 

Srate 

Fair 

Un/'ty 

70Q0QC 

l^lt'Z* 

50000 

20' 

!».* 

C'Ijooo 

/90.4- 

;»• 

/ooo 

/904- 

n-i 

De^.ft 

"c'/AT' 

•■ 

If 

9M'« 

ib'Z* 

Two 

20' 

I90Z 

/V.« 

f" 

6000 

;9oa 

/2 

/ooo 

/9o2 

•1 

Pump  Ho. 

'. 

" 

1. 

II 

•1 

II 

One  2< 

IfcZ 

II 

8" 
6- 

,;i:/ 

I0BS 

8 

/3«0 

/»oo 

vr-z 

Syr.cu.. 

Ens    Ho. 

WorerMbi-k^ 

C,T, 

Goo<i 

II 

" 

.JOOOO 

iL'i' 

less 

■1 

6 

i2I« 

190  3 

12 

/50  c 

I90Z 

Kr-' 

8«//t  IsU 

flt   Ttack 

Stote 

Fo.r 

R 

(2 

47* 

1900 

rr-'t 

Weed.pcrt 

•1 

5eneco  ^tuec 

" 

•■ 

£280 

/tiZ* 

50000 

20' 

/9oi 

II 

6 

7S0 

I903 

/2 

yztf 

1903 

rr-^ 

po>    RiJ^c 

11 

" 

" 

.1 

t/^lfd 

^S^.o 

II 

21' 

1303 

/«oS 

'?• 

lIcO 

)9o3 

'2 

ISO 

/902 

\1  (> 

Clyde. 

« 

0]iie  R.er 

- 

>i 

rtfiVO 

•I 

II 

20' 

1901 

Men, 

« 

300 

;9o( 

/« 

Z7S 

/9o/ 

rt-7 

Lyon, 

CoalTteitii 

" 

.,. 

n'oat 

I7« 

Two 
5*0000 

^r 

/SO) 

" 

> 

1000 

/9o7 

(2 

340 

/90/ 

<• 

WtferWords 

C.f, 

.. 

, 

,, 

3 

/os- 

/90( 

Yi-a, 

£.   P^lmjra 

fit  Track 

AIuJOmA 

sut^ 

1. 

« 

■useoK 

I6a24 

50000 

21' 

/8W 

T_. 

^r* 

34. 

le** 

/2 

/fad 

/902 

v-^ 

Fairporr 

.1 

Kick  r  lola 

Qooct 

., 

Bfana 

It 

4.00 

1903 

n-io 

£.    flocfc 

Ens  Ho. 

.1 

n 

" 

.. 

J7/1«- 

Two 

50000 

20' 

)9o^ 

rr.nt 

5 

ns 

J9a5 

/* 

JOZC 

/90/ 

" 

'^.VV/r/ 

n 

« 

II 

•• 

ISfODOo 

Ont 

ISOOO 

20' 

/902. 

" 

4- 

130 

I90S 

6 

I3t 

/»»« 

VYV/ 

?roc/...iter 

P..1    Sfo. 

'I 

1. 

II 

>• 

25<i«0|   rwo 

2.1' 

I902 

II 

4 

so 

/9»5 

> 

<7a 

)lo 

r..A  ,4^iei 

" 

SbMifiotU'lt 

JOO.O 

Zo 

i»»7 

^ 

)13S 

i)e* 

ir 

126 

A7< 

19  OT 

n-n 

Churchv'illt 

II 

K  URCi 

M 

3"."'WjfaM 

n 

;9' 

jees 

r-. 

(^ 

aeo 

1901 

<>:. 

72r 

V(-M 

Bjrcn 

u 

"^y.t^y 

•< 

■1 

IA''''^k<-<,^o 

U«iO 

30000 

;2' 

;9oo 

Wo/»e 

s 

J30M 

1900 

(2. 

/J-o 

/?00 

Bato  na 

£p6t  End 

Tin.w.nA 

State 

.. 

Ont 

50000 

It' 

1891 

.1 

6 

Silo 

IS99 

12 

2  so 

)905 

.1 

R,!.,  STc 

,1 

n 

■■ 

•' 

•' 

zo' 

/903 

1. 

6 

/457 

isil 

12. 

500 

|»OJ 
l»05 
/90« 

n 

.. 

WesT    of 
E-,5.  Ho. 

" 

'1 

M 

li 

,, 

•1 

10' 

I90X 

• 

6 

.TiB 

/»93 

;4 

♦as^ 

n-ifi 

Wende. 

flt  Trqck 

Lok<:&.C 

.Vr'S. 

II 

?>70oo 

II 

Z6' 

'ft** 

Tvo 

1*00 

(^ 

30 

I900 

« 

2e« 

1901 

1 
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LOCOMOTIVE    WATER    SUPPLY    STATIONS. 

N.    Y.    C.    &    H.    R.    R.    R. — MAIN    LINE,    WESTERN    DIVISION. 


£)/i//S/i7r7        jTrrf'/y^e/- 

1 

Pur^P  /^OUS£  AN  ofOulPMEN  T 

Columns 

/t'cmcfrtS  — • 

Uouss. 

Pur^p                                 Boiler 

He 

K.-.d 

S.ic 

t 

Dole 

^s.-J '-«!  S!r,; 

K,„j    c...to,v  :««.5'-' 

;..,.5?„= 

OoTe 

.0. 

/f.nd 

D^riL 

^ 

^          «:.  'i.'f'a.. 

M^l 

iHi-i, 

M.A 

iVi 

V- 

9-"T^# 

!/»J/l'jWo»di  I704 

-«w. 

jcooo-ts'   2S 

8" 

"«   1  J 

i^p>.i«t 

*oH.( 

I1VJ1 

3 

Sh^ff^J 

10" 

7g 

'"'""l/^^j^ 

iir«*i6r.c)<  ;»oo 

°£: 

•"- 

Tooocj;o'|iz' 

" 

Woz 

387 

/^(j-l 

6 

i< 

10' 

« 

ll'O' 

I'/i'Z. 

H     !     PI      i      "         r./.U.k; 

^^;:-.      ..!" 

» 

II 

.4^ 

""■'^ 

^ 

,,,J 

) 

II 

"1 

II 

1              1 

1        } 

3 

II 

" 

It 

V\ 

.S.   iPumpHouS 

e  •^-^Amp\ati4  ' 

o«A 

fl 

T,b. 

y 

3 

/I 

II 

ir 

lino 

ni" 

8odij/903 

T^o 

.oTt.j9000l)3i)3 

6" 

l?.3 

j-»j 

wf",% 

4* 

/<•;!// 

•r'i 

3 

n 

11 

/' 

1903 

mw 

"     ;l9p3 

ft.T.r.i,J..w.,>j^o^ocol/2bo 

k- 

I9C3 

f?l 

loT." 

"•■^ 

V-'i" 

^z-,! 

4- 

n 

II 

II 

1102. 

w.  s. 

"Pump     acj 

r«ss   7^(v 

Ef- 

2 

II 

II 

• 

ifol 

13t'7» 

ffnct 

)90l 

iJir.jr.-  eUV. 

3«.o     /<? 

IS 

c 

1501 

« 

r'l'^ 

'up 

W 

3 

V  v»r>r 

8- 

10" 

1; 

;; 

-"*'" 

3o»oo|  10 

IS 

"" 

l9oi 

iSan 

f,.-,. 

IB9* 

I  Kn'.-te 

'yfo'* 

..f..  x^ 

•♦»• 

.'•■ 

5-3 

310 

,/i. 

reiH, 

v^ 

9ir 

3 

%^i,-M 

10" 

n 

'/ 

Iff- 

1 

' 

" 

" 

• 

■' 

,-roJ 

4- 

Sh^fhd4 

10" 

n 

Itoi 

/ 

i...,i.„ 

t" 

is' 

II 

1 

c/o/si    e 

;'t 

II'  0 

fe'ii 

lt<J< 

F.-m« 

IS71 

'  t'^ila 

'iV° 

9000 

to 

ifc' 

fc" 

I'w 

312 

■,-;^^ 

■•Sf>A 

,v>.- 

ifi>l 

3 

i»f/rtW 

'ft- 

'l,~-c- 

/fal 

1 

w- 

S.  T 

ump 

«-Ho 

u«e 

3 

II 

•' 

» 

•" 

|ii«i» 

f™^ 

U»3 

One 

7.41..0 

10000  la'j/t 

26' 

-*" 

/fiw 

♦a 

f'.T 

/-^J 

f"' 

/ 

(1 

.1 

M 

" 

Ifee 

Sri^l, 

)»73 

1  f>.>bs 

1  Kns.la 

«8 

^     ';2 

/ZOOOl'^ 

/di 

4- 

If1> 

111" 

Sit 

„../K 

ff/^ 

//a 

/ 

II 

n 

., 

•• 

I9B.1 

1 

■1 

1. 

II 

II 

1' 

II 

II 

.1 

,, 

z 

" 

' 

.1 

1, 

1 

n 

l< 

II 

II 

II 

" 

M 

" 

1. 

«3 

,, 

1 

II 

" 

-• 

•, 

'f^F. 

J1I34 

.1 

1901 

IKtiM 

39000 

22 

90 

i° 

;?<" 

3»e 

'IZJ^ 

f90l 

3 

'■ 

<• 

.. 

Ifo/ 

l._ 
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WATER   SERVICE. 


LOCOMOTIVE    WATER    SUPPLY    STATIONS. 


N.    Y.    C. 


H.    R.    R.— R.    W.    &    0.    DIVISION. 


No    5ti9t/om      Loc/frioA/. 


5oL>RC£.  0^w£ff  Cosr.  ycMLm  r^^  ^_      5/ic:  C/jpkc.  fiBovc  =.„  , 

Sa.'ina        affrack   m/erm'^£^J^, 
Bretrer/on   af 'rack     Oneidoff  jfafe 


R-l 

R-3  /^pk  y/€)r    -7/ /rack 

R-4 

P3 

R7 

k'8 
R9 


RR 


f^rmfhhnor  of  track 
/Jc^arr?5  af/rack 
f^ices       at  fracK 

FhilodeZ/eh/a  of  troc/r 
6oi/verr?eur    af  frock 

De/fa/i> 


5pnnq 
Jfe// 

Wafer  IrHs  /'ff<Vf 
CreoK    ■'ik.Tc 

Wilern/rt     c.ir     1ift'*l 
Creek     Sfafe 
IVafertrksW/Zage 
We//        P/i'. 


a/  /rack 
/?//  fi/saam       of /rack 

/P//  Nor^roacf  Erkjine/lx  merW/ts  maoe  %^. 

Rd  Mjsserja  Er,^>r,e//se  ^Va/erfyh  mcvi  %'/rr 

HO-I  Burf-  ci/frack      Creek     5/afe 

1^2  Ly/7dor7yille  affracJc     Creek     5/a/e 
m  Nor/on         a//racJ<:     m//         R/i" 

Wi  Afor/or?  ?/^//esfaif  5ar</yCrJ^.  S'afe 

IfO/}  Char/o//e  a/ /rack    fibfer  ms  eaaiK, 

kVJ  Char/cf/e  af^nqirvZ/je 

kPd  Lakes'de  of /rack     /^///fbnd  oj%*i/fiyt^^yr 

K7  Wallir>g/or^  c3//rzick     C/eeic    Sfafe 

fOS  f?ea  Creek  cJf  /rack    Creek     S/a/e 

k'OS  Os>ret}o  af  Shops      Hij/erff/b  C///    ^hc 

kSff  /Mexico  a//rac/(      Creek     S/a/e 

l?IVI  fibches/er  af/rack       lya/erm.  Cr/y 


WjQrei?    5uPPL  y  T/jnk  ok  ffcscffiro/r? 

6 fits 
678  L/n/im  ZSooo 

i005U')/w>  ltm>Kl'x^^■  SOOOO  ^0'  /903 

//ard  9000    8mlCx?4' JOOOO  35'  18% 

e.3S  .^r?fy  tooeoo  fG'><24  XOOO  ?3'  /m 

imPtenfy  20000  l&'^'P'f'  SOaX)  c?'  /903 

/0.75Ur7/im  zsaao '6''^'f'  ^Oa?0  Z^'   1903 

Pluiy  16000  iC):M  SOOoo  /4'  /y^-n 

3so6h//r/;       lc^x^//^  MOO  ^^^  1903 

63^  C/n/itn  60000  ?0'x30-  950CO  B/}' 

4.Q2l/r?lirn  44000 /6>2'/'  SOCOC^  i"2' 

2590Rer?/y  40000  /C''24'  5aW  24' 

3 60  Mm.  Siooo  /6'Jr^r/■  ^0000  ^/' 

45/  JJr7//m  ^40oo''&'''2^'  30000  3Z' 

727/h/w,  3/000  /6'K^r/■  SOOOO  ?2' 

l400Ur;Ah?  ^^ooo/i)(^7}■  M/OO  2^' 

//I5  {/r?/,m  zaooo/C'>iZ4-  50000  £.4' 

123/9000    M!0 /^'x2r/' SOOOO  <?/' 

/f67l/r?//m  ''/4i^2V' 30000  /4' 

Un/im  J3000 /6')(24' 30000  /<?' 

fZSa 

I5&I P/er?/^  Zoooo /0'^2r/' j^aooo  2?.'   1902 

I344l/n//fn  4sooo!^'y24:JOkW  F?'  /895 

ll75P/er?ir  eooA>/e';r24' jSOOOO  22'  M2 

IAri7  //„/,-    .^,^J6'>t  24'   SOOOO  ZS       1904 

lOUO  Un/im    woo /6x2o'  3Soao  zo      io93 

5.57lh/rrrr.  joooofi,xZ4-  Skvcv  22'  /90? 

573l/r?//m     600 /Cy 20'  ^000  ///'    1900 

T  Ouafify  ^/i^^r*  as  ~n'fa/  Sctf^«-(">Oro>r7\)pei'  y<j/ 


P/P£. 

SufVLy m/rirjK  Ift/vx-oCaiUMn- 

1/ 

5//C  Luck  Yiflw  5///  LcNOt  YrUho 

4"  /SO'  /90/ 

4"  232'  /903  /2    72  /903 

J-  /2S  /905  IZ-33i>'  /9CS 


y-^c 


/^SS 


I?"  4oo' 


/ss^ 


6-  /2S^0'  /90:i  /2  34'  /903 
6/  S72  /903  /2'  298  /90:/ 
3'   SO'  /903 


noh 

^(. 

/23'  /9C6  12'  300'  190b 

190/1 

3- 

123  IS04  /r  /lO'  1904 

/S9J 

3- 

JiO-  ^90  8-  /OO'/SOO 

/89/ 

3- 

200'  /39/  8'  230^  J&9/ 

4- 

830-  7902  8-  tSff  /d9S 

/3C5 

3' 

730'  /902  8-  300  1897 

/902 

3- 

//3C  /9C2  /O'  2Sd/902 

mi 

3' 

330'  m2  ir  723^1903 

/89f 

3' 

300'  /894  8"  /a?  /m 

/903 

3' 

W  /903  8- 

/&97 

C 

8oo'  /905  8"  270'  f90/ 

y  90'  /902  /^'  tZO-  /902 

3-  2000  /893  d-  70'  /895 

y  330  /0O2  70-  33'  /g02 

ji'  Bso'    /see  8"    fff    laee 

H    3oo-   'a!>3  jj:   f|»(   laa 

3"  3d'  /902  /O'  /3o'  /X!2 

3-  200'  /8$9  &■ 
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LOCOMOTIVE    WATER    SUPPLY    STATIONS. 

N.    Y.    C.    &    H.    K.    R.    R. — R.    W.    &    0.    DIVISION. 


House 


Pump. 


Col  c"^/v5 


Bo/lER 


jlZf   Kind  Built   n//^D.     J'ZC  B,  Hk  Orrax  /nap  iKan  i*i>e  iSS-   "O  nit^D  J^ZHapa:  Kiot  ^^H^n 


0'r^/  l/ltod  /f^i  F-/i  Co  /e'hiii /zooo  //J/ 
e'yit  l^d  /900  kiw/arit  7''};S"i  JtX>t?  T  If 
50*U Brick  /9oe  ^-^.1?  %'^:y4°c°c  }^  24 
/fxSdUba:/  /90/  ^^Jf^  e/P   9000  e' ^0 

\Z.-l6  'Hood  ms  Km^fad7-fMJ  iOOO  «'  la 
H.-'tiVco'/  ,907    zr,f^  '^J'/,^   ;|«^   /5'^5- 


6" 
J' 


H86  ^Z^'C'-^^O 
So',  loco  7S^  KS 


2Z^T^i%iO'^('0 


Hf^SO-  mcd  1903  ^,^f,X^  %'X'fo 


/arreenii  to^Cxis  /Soac 


W  24' 


I  /4t/i-  WceJ  1904  ki^%^°  taJe  ''fed    S"  &}' 

\  SBiiF4  maf  ms  /'5^/?^  ];.V-.7  f^%  ^'  ^ 

i  micSi  mix)  /89i!  rm^if.'bra  yy^i'v  3000  0'  30 
I  /^»0  Wood  /0O3  /Of^j.ka  7>4i,v  3000  S' 20' 
I  dxHtf  hhoa  ^B97 

t^idftVaxf  1902  /%r^^  7>4i^,c  3CCC  Jz'  2o 
I  V/X  liiixxf  7895  lOniph!^  7x4iM  Jaao  72'  40' 
';  ^<^  mx7  /OOO  /(7r^'^  MifV  JffOO  /^' ^ 

«■»•  hixtf  /pos  TOmi'frt/  7,4iYioj£^ao  /'7'35'       3'  26r'j^^'^ioie^ 


4'^y 

658  i/fin^tSSlP 

3- 

■bis '^c"  10/^  60 

3- 

3a>^c'i  iotf6(? 

3' 

yi  io7S' loH' ^0' 

735Jt?ilr  HP  'oo 

3' 

3i4..:>>j<w^^  £0 

J 

333t~^',l&stf'/oo 

3- 

(ob^l::r.'-}-%  ,00 

/)/frs 


I  Phage  8'  8'   //'   7398  mB  fl^.,gt^ 

I  Poai^e  3-  7 S-  70-8'  J895  7887  ii/^^ 

/  fba^  8'  7-9'  77'    789S  IWS 

I  FoaiTe  S"  7^-  77'    78d5  7887 

I  Poooe  d-  7'9-  77:6-  JS9S  7885  y,,^^^^, 

1  «^    g-  751 '^:f.  1898  1 

2  Poa,7e  d"  7-9' X7-70  /S95  7892 
I  Paage  3-  70  77'  1895  78S6 
I  fia^  6-  7-9'  77'  7895  1893 
I  Poage  d'  TT  70-r  7895  /89/ 

I  Poocje  3-  7^  70'-/r  7898  7S96  <fe^^ 

/  Rxsge  d'  7'P-  707ff  1898  m 

I  Fo^fe   &■  7-4  70-9-  7895  7m 

I  Poage  8-  7-P  /OP"  IS95  /884 


3-  7'4-70-9'    J895  7892 

8- 7^- 72-6'  7903''S/>x.'/]af)^ 

S'  7'4-  77V   7895  7897  A'/Z/o*-?  ^^pp'/ 


S'  9i/^^-  7893  7902 
I  Pooi^  8-  7»7C77'  7895  7895 
I  /h/ae  <f'  7^-7/'J-  7895  7837 


i 


Ve  O'  '&    'oi:    7895  7888 


7  Fa?^  8'  7^-  /l-O'  7395 
3-  9'ff  il-ir 


^'Sayi/7  ^/77r 
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WATER   SERVICE. 


LOCOMOTIVE    WATER    SUPPLY    STATIONS. 


N.    Y.    C.    &    H.    R.    R. — R.    W.    &    0.    DIVISION. 


No.   Jr/iT/OA/      LocffT/0/^ 


PPI  Fhoeniy 

m  limenck 

m  mca 
Ifl/P  Borne  fe/d 
ffemsen 

f?l//f  Lyons  Fa  f/s 
JiVS  Lo(ri^///e 
Rl/6  Carfhoge 
Rtf8  Pedwood 
Mf9  Morns fOH"! 

fir- 1  Chy/on 
/Kl  Diana 
PC-2  Jayi////e 
I(t3  BensonMina 

Newton  Falls 
re/hA7///3 

A/dlfrC'-eeK. 


Ot  f-racfr 
cjf  track 
Ottrack 
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DISCUSSION. 

Mr.  C.  L.  Ransom  (Chicago  &  Northwestern)  : — The  Committee 
on  Water  Service  has  endeavored  to  present  elementary  principles  of 
water  service  in  as  precise  manner  as  it  was  possible  for  them  to  do 
and  presents  for  publication  in  the  Manual  the  elementary  principles, 
so  that  more  elaborate  work  can  lie  done  a  little  later,  and  the  Com- 
mittee asks  that  the  Association  pass  first  on  the  definitions  on  page 
178,  and,  secondly,  on  the  conclusions  on  pages  212  to  219,  of  Bulle- 
tin 107. 

The     Secretary  : — "Definitions — Pipe     Lines  : 

"Suction  Line — Leading  from  1he  pump  to  the  source  of  supply. 

"Discharge   Line — Leading   from   the   pump   to  the   storage  tank. 

"Column  Supply  Line — Leading  from  the  storage  tank  to  water 
column. 

"Storage   Tank,   consisting   of: 

"Foundation — That  portion  below  ground  line. 

"Substructure — That  portion  resting  on  foundation  and  supporting 
the  tub. 

"Tub — The    receptacle   holding   the    water. 

"Outlet  Valve — The  valve  in  bottom  of  tub  controlling  the  delivery 
of  water  direct  to  locomotives. 

"Spout  Outlet — The  pipe  leading  from  the  outlet  valve  to  the  tank 
spout. 

"Tank  Spout — The  movable  device  for  delivery  of  w-ater  from  the 
spout  outlet  to  the  locomotive. 

"Track  Pan — Device  for  taking  water  while  locomotive  is  in 
motion." 

The  President : — It  is  understood  that  definitions  will  not  be  dis- 
cussed on  the  floor  of  the  house,  but  any  member  who  takes  exception 
to  them  can  do  so  in  writing.  The  Secretary  will  read  the  conclusions, 
and  as  they  are  read,  if  there  is  no  objection  they  will  be  considered 
as  approved. 

The  Secretary: — "Supply,  Quantity. — If  possible  within  economical 
limits,  supply  should  be  obtained  sufficiently  large  so  that  the  total 
amount  of  water  likely  to  be  required  during  the  average  volume  of 
business  in  24  hours  can  be  drawn  from  the  source  in  7  hours  at 
terminal  stations  and  in  4  hours   at  intermediate   stations." 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  think  the  word  "max- 
imum" instead  of  "average"  would  be  better. 

Mr.  Ransom : — The  word  "average"  was  used  for  the  reason  that 
the    Committee    thought    we    needed    some    latitude    on    account    of    the 
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excessive  volume  of  business  at  certain  times  of  the  year.  Therefore 
the  wording  was  put  in  as  it  is. 

Mr.  C.  F.  Loweth  (Chicago,  Milwaukee  &  St.  Paul)  :— Why  should 
the  entire  supply  for  twenty-four  hours  be  pumped  in  four  hours? 
This  would  require  a  very  mucli  larger  pump  and  pipe  connections 
than  would  otherwise  be  necessary,  and  frequently  make  the  pumping 
plant  an  expensive  one. 

Mr.  Ransom : — I  will  refer  the  gentleman  to  the  conclusions  on 
page  219,  in  which  the  method  of  operation  is  recommended,  and  there 
you  will  find  the  recommendation  that  regular  pumpers  be  employed, 
instead  of  other  employes.  The  reason  that  recommendation  was  made 
was  that  a  regular  pumper  would  have  a  chance  to  pump  at  one  station 
and   then  go   to   another. 

Mr.  Loweth : — There  are  frequent  occasions  where  the  water  sta- 
tions are  so  far  apart,  and  the  train  service  so  infrequent  or  such  that 
one  pumper  cannot  attend  to  more  than  one   station. 

The  Secretary  : — "Supply,  Source. — Where  water  of  suitable  quality, 
and  in  sufficient  quantity,  can  be  purchased  at  a  reasonable  figure,  it  is 
recommended  above  all  other  sources. 

"Springs  should  be  carefully  gaged  for  a  period  of  at  least  one 
year  and  the  possibility  of  future  pollution  and  increased  demands  for 
supply  therefrom  carefully  considered  before  their  adoption  as  a  per- 
manent source.  Reservoir  should  be  constructed  at  spring  where  con- 
ditions will  permit. 

"Lakes,  natural  ponds,  creeks  or  rivers  require  special  investiga- 
tion in  each  case.  Points  to  be  considered  are  quantity,  quality  as 
regards  chemical  impurities  and  amount  of  sediment  carried,  future 
pollution  and  riparian  rights.  Style  of  intake  will  depend  on  local  con- 
ditions entirely.     No  definite  rules  can  be  given. 

"Dug  well  construction  should  always  be  preceded  by  a  careful 
auger  test  to  determine  strata  to  be  encountered.  Size  and  construction 
depend  on  strata  to  be  passed  through,  and  no  definite  rule  can  be 
given. 

"Surface  pipe  wells  are  very  satisfactory  where  local  conditions 
permit  of  their  use.  The  system  is  one  which  can  be  extended  to  collect 
a  large  volume  of  ground  waters. 

"Artesian  deep  wells,  where  obtainable,  are  very  satisfactory  sources. 
Their  flow  is  liable  to  constantly   decrase  and  finally   stops  altogether. 

"Deep  wells  requiring  pumping  are  only  recommended  as  a  last 
resort. 

"A  chemical  analysis  of  all  waters  should  be  made  and  the  question 
of  cost  of  treatment  if  required  thoroughly  investigated,  as  previously 
outlined  in  the  Manual. 

"Pumping  Plants. — Size  of  plant  should  be  in  accordance  with  table 
given  on  page  213,  Bulletin  107. 
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"Static  head  should  be  obtained.  Friction  head  should  be  calculated 
in  accordance  with  friction  tables  and  30  per  cent,  added  thereto  for  the 
aging  of  the  piping   system. 

"The  effective  horsepower  will  be 

Gallons  per  minute    X    static  head  +   friction  head  in  feet. 
4,000 

"Steam  should  be  selected  for  power  plants  up  to  5  E.  H.P.  when 
most  of  the  following  conditions  obtain : 

"(A)  Where  one  hundred  pounds  of  coal  unloaded  into  a  pump 
house  is  cheaper  than  one  gallon  of  gasoline  delivered  at  gasoline 
storage  tank,  taking  into  consideration  the  number  of  hours  the  plant 
is  to  be  operated  and  the  location  of  plant  as  regards  delivery  of  fuel ; 
special  attention  also  being  paid  to  the  proper  design  of  pump  as  re- 
gards size  of  steam  and  water  cylinders  on  large  plants. 

"(B)  Where  a  steam  plant  is  maintained  for  other  purposes,  as  at 
terminals  where  shops  are  run  by  steam. 

"(C)  Where  interest  charge  on  plant  is  less  than  it  would  be  on 
a  gasoline  plant." 

Mr.  Ransom : — The  Committee,  since  this  report  was  made  up,  has 
received  some  criticism  of  the  speed  at  which  this  recommendation  is 
made  out.  If  there  are  any  members  of  the  Association  who  would 
like  to  talk  on  that,  we  would  be  pleased  to  hear  from  them.  This  was 
a  recommendation  from  a  man  who  has  been  in  the  pumping  business 
a  good  many  years,  and  the  Committee  feels  possibly  it  is  a  little  too 
conservative. 

Mr.  A.  K.  Shurtleff  (Chicago,  Rock  Island  &  Pacific)  :— I  cannot 
see  why  we  should  not  use  3,960;  3,960  is  a  little  more  accurate  math- 
ematically.    In  a  large  plant  3,960  would  be  more  correct  than  4,000. 

Mr.  Ransom : — The  Committee  will  accept  that  suggestion. 

The  Secretary : — "Boiler  selected  should  have  the  relation  to  E. 
H.P.  as  shown  by  Appendix  I,  and  should  carry   100  lbs.  steam. 

"Steam  pump  selected  should  have  the  ratio  of  water  to  steam 
cylinders  as  large  as  possible.  Water  cylinder  should  be  of  proper 
size  to  discharge  the  required  amount  of  water  per  minute,  assuming 
70  strokes  per  minute  for  each  cylinder.  Pump  efficiency  should  be 
assumed  as  66y3  per  cent.  Initial  steam  pressure,  90  lbs.  per  square 
in.  Proper  ratio  of  water  to  steam  cylinder  should  be  as  per  diagram 
4.  Size  of  steam  cylinder  should  be  in  accordance  with  this  size  of 
water  cylinder  and   ratio    (see   diagram  3,   Appendix   H). 

"Gasoline  engine  selected  should  have  a  commercial  brake  horse- 
power rating  of  twice  the  efifective  horsepower.  Engine  and  gearing 
for  reduction  of  speed  should  be  all  on  one  base,  with  friction  clutch 
connection  to  pump  shaft. 

"Power  pump,  where  suction  lift  is  such  that  the  pump  can  be  on 
same  level  as  engine,  may  be  of  the  triple  single-acting  type,  or  duplex 
double-acting,  direct-connected  to  engine  friction  clutch.  For  small 
plants  the  combined  engine  and  pump  are   recommended. 
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"Power  pump,  where  suction  lift  is  such  vliat  the  pump  must  be 
at  a  lower  level  than  engine,  should  be  single  cylinder,  double-acting 
type,  connected  to  engine  by  means  of  a  pitman  face-plate  and  shaft. 
Number  of  strokes  per  minute,  pitman  and  stroke  length  should  be  as 
follows  : 

12.  in.  Stroke,  Pitman  length,     6  ft.,  No.  Strokes  per  minute  70. 

18  in.   Stroke,  Pitman  length,     6  ft.,  No.   Strokes  per  minute  46. 

24.  in.  Stroke,  Pitman  length,     8  ft.,  No.  Strokes  per  minute  35. 

30.  in.  Stroke,  Pitman  length,  10  ft.,  No.  Strokes  per  minute  28. 

2,6.  in.  Stroke,  Pitman  length,  12  ft.,  No.  Strokes  per  minute  23. 

"Deep  well  pumping  plants,  where  gasoline  driven,  should  have 
same  proportion  of  stroke  pitman  and  number  of  strokes  per  minute 
as  above.  When  steam  driven,  the  proportions  should  be  as  follows  : 
Stroke  12  in.,  No.  Strokes  per  min.  60,  No.  Cylinder  discharges  30. 
Stroke  18  in.,  No.  Strokes  per  min.  40,  No.  Cylinder  discharges  20. 
Stroke  24  in.,  No.  Strokes  per  min.  30,  No.  Cylinder  discharges  15. 
Stroke  30  in..  No.  Strokes  per  min.  24,  No.  Cylinder  discharges  12. 
Stroke  36  in..   No.  Strokes  per  min.  20,  No.   Cylinder  discharges    10. 

"Size  of  gasoline  engine  and  steam  head  should  be  in  same  ratio 
as  for  surface  pumps." 

Mr.  Ransom: — The  Committee  feels  that  this  recommendation 
really  requires  more  investigation  before  it  is  published  in  the  Manual, 
and  if  the  Association  so  desires,  we  would  request  that  these  two 
tables  be  referred  back  to  the  Committee  for  further  report  next  year, 
if  there  are  no  members  of  the  Association  who  can  give  us  any  light 
on  the  subject. 

The  Secretary: — "Pump  houses  should  be  of  non-combustible  ma- 
terial. In  gasoline  plants  engine  should  be  in  a  room  by  itself,  with 
floor  vents.  Stoves  should  not  be  permitted  in  gasoline  engine  rooms.. 
Where  there  are  deep  wells,  the  house  should  be  so  designed  that  it  can 
be  removed  or  opened  to  admit  of  a  well  machine  being  placed  over  it. 
At  terminal  stations  the  pump  house  should  be  incorporated  with  other 
part   of  plant  where  possible. 

"Each  plant  should  be  fitted  with  a  pressure  gage  on  discharge  pipe 
and  a  revolution  counter  on  pump." 

Mr.  Lindsay : — I  would  like  to  ask  if  the  Committee  will  add  the 
words  "and  lights"  after  "stoves" — stoves  and  lights  shall  not  be  per- 
mitted in  the  house,"  and  also  a  statement  to  be  inserted  that  the  gas- 
oline supply  shall  be  kept  outside   of  the  house. 

Mr.  Ransom: — I  do  not  exactly  see  how  ycu  can  exclude  lights 
from  the  house.  If  a  man  has  to  run  his  engme  at  night  he  has  to 
have  some  light,  to  see  whether  his  oil  cups  are  full. 

i\Ir.  Lindsay : — We  put  our  lamp  outside  so  that  it  throws  the  rays 
of  light  inside. 

Mr.   Ransom : — The    Committee   will   accept   that   suggestion. 
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Mr.  L.  C.  Fritch  (Illinois  Central)  : — I  would  like  to  know  what 
the  Committee  means  by  the  last  sentence,  "at  terminal  stations  the 
pump  house  should  be  incorporated  with  other  part  of  plant  where 
possible."     Does   it   mean  the  other   part  of  the   terminal   plant? 

iMr.  Ransom  : — Yes,  sir. 

Mr.  L.  C.  Fritch: — A  fireproof  pumping  house  should  be  isolated 
and  not  incorporated  with  another  plant.  If  il.  is  incorporated  with 
some  other  plant,  when  the  other  plant  catches  on  fire  the  pumping 
house  may  be  destroyed. 

Mr.  Ransom: — The  thought  of  the  Committee  was,  where  you  have 
a  steam  plant,  and  alrcadj'  have  steam  in  your  shop,  in  order  to  pre- 
vent loss  by  condensation  you  would  want  the  pumping  plant  as  near 
the  steam  supply  as  possible;  you  would  not  want  to  maintain  separate 
boilers  for  the  pumping  plant,  as  a  matter   of  economy. 

Mr.  Maurice  Coburn  (Vandalia  Lines)  : — It  seems  to  me  that  the 
Committee,  in  discussing  this  question,  should  have  something  to  say 
about  pumping  by  electricity  where  yo-u  can  use  an  automatic  start 
and  stop,  and  that  the  question  of  a  steam  turbine  with  centrifugal 
pumps   should  be  considered. 

iMr.  Ransom : — I  will  say  in  regard  to  that,  in  the  body  of  the 
report  the  Committee  specifically  states  that  for  this  reason  only  data 
on  steam  and  gasoline  plants  were  attempted.  We  were  unable  to  get 
any  information  on  any  other  class  of  power  that  enabled  us  to  make 
any  decisions,  and  we  have  recommended  to  the  Board  of  Direction 
that  the  question  of  electrical  and  other  styles  of  pumps  be  taken  up 
by  the  future  Committee ;  so  that  this  report  deals  only  with  steam  and 
gasoline. 

Mr.    Coburn : — I    also    suggested   steam    turbines. 

Mr.  Ransom : — The  steam  turbine  question  lias  not  come  up  at  all. 
We  have  no  knowledge  where  any  plant  of  that  character  is  located  for 
railroad  use,  and  of  course  for  municipal  pumping  the  plants  are  so 
large  that  the  Committee  did  not  consider  them. 

The  President: — The  Secretary  will  now  read  the  conclusions  as  to 
delivery   to   locomotives. 

The  Secretary: — "Methods  of  Delivery  to  Locomotives. — Function 
of  Water  Station. —  (i)  A  water  station,  as  an  elementary  proposition, 
consists  of  a  supply  of  water,  with  means  of  delivering  same  to  loco- 
motive. This  is  done  by  gravity,  except  with  Track  Pans,  where  the 
same  elementary  arrangement  is  present  with  an  added  principle  for 
completing  the  delivery  in  those  special  cases. 

"Where  the  topography  will  permit  full  elevation  the  arrangement 
may  consist  of  an  elevated  reservoir,  excavated  in  the  ground,  with 
pipe  line  and  water  column. 

"Where  only  partial  elevation  can  be  secured  it  ma}'  consist  of  a 
tub  resting  on  the  surface,  with  pipe  line  and  water  column. 

"Where  the  topograhpy  will  not  offer  even  partial  elevation,  same 
must  be   secured  by   artificial   means,  permitting  of  choice   in  location   of 
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the  supply,  which  is  done  by  placing  same  (a)  near  the  track,  reducing 
the  cost  of  delivery  line,  and  (b)  distant  from  the  track,  although  at 
increased  cost  of  delivery  line. 

"The  prevailing  topography  makes  artificial  elevation  necessary  at 
a  large  majority  of  water  stations,  resulting  in  the  structure  known 
as  a  Storage  Tank,  which  is  subdivided,  naturally,  into  its  structural 
elements,  on  the  same  lines  as  those  occasioned  by  varying  topograpli- 
ical   conditions,  viz..   Foundation,    Substructure,    Tub   and   Delivery   Line. 

"Storage  Tanks. —  (i)  The  foundation  should  be  made  of  any  good 
masonry  locally  available,  provided  it  also  withstands  the  disintegrating 
action  of  water. 

"It  should  be  carried  below  frost  line  and  as  much  deeper  as 
necessary  to  reach  firm  bearing,  unless  piles  or  other  sub-foundations 
are  used. 

"(2)  For  substructure  and  joists  the  use  of  steel  is  recommended, 
Increasing  the  height  of  the  substructure  increases  the  discharge  by  less 
than  the  ratio  between  the  square  roots  of  the  two  heads.  Increasing 
the  size  of  the  column  supply  line  increases  the  discharge  by  more 
than  the  ratio  between  the  squares  of  the  two  radii.  The  work  of 
pumping,  hence  fuel  consumption,  is  directly  proportional  to  the  head 
pumped  against. 

"Twelve-inch  columns  are  practicable  and  iu  most  cases  sufficient 
with  tub  of  15  to  20  ft.  above  the  rail,  which  is  recommended  as  the 
most  economical   height. 

"In  special  cases  it  may  be  more  economical  to  use  substructures 
higher  than  15  to  20  ft.  on  account  of  the  length  of  column  supply  line 
or  because  the  source  of  supply  is  elevated,  particularly  when  from  a 
municipaL  plant. 

"(3)  Tub. — The  life  of  white  pine  tubs  used  in  the  past  does  not 
exceed  twenty  years;*  the  quality  used  at  present  is  inferior  and  will 
have  a  life  of  less  than  twenty  years;  the  price  has  been  increasing 
rapidly,  even  with  the  use  of  inferior  lumber.  The  life  of  cypress  used 
in  the  past  does  not  exceed  twenty-five  years,  the  quality  at  present  is 
as  good  as  in  the  past,  and  the  price  has  been  rapidly  increasing. 
Further  increase  in  the  price  of  wood  tubs  is  to  te  expected  in  view 
of  the  rapid  depletion  of  forests.  The  use  of  wood  in  tubs  limits  the 
capacity  of  same. 

"Specifications  for  50,000  gallon  White  Pine  Tubs. — Details. — 
(i)  (a)  The  inside  diameters  shall'  be  24  ft.  at  the  bottom  and  23 
ft.  at  the  top.  The  staves  shall  be  16  ft.  long.  The  tub  shall  be  made 
of  carefully  selected  white  pine  lumber,  surfaced  to  2^  in.,  which  is 
free  from  sap,  shakes,  unsound  knots,  or  other  imperfections  which  can 
cause  leaks  or  will  impair  the  durability  of  the  tub.  (All  small  black 
knots  extending  entirely  through  the  plank  shall  be  carefully  bored  and 
thoroughly  plugged.)  All  staves  shall  be  full  length  without  splicing. 
Every   joint    shall    be    machine-made   and   perfect,    and    the    stave    joints 
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sawed  on  true   radial   lines,   with,   due    regard   to  top   and   bottom    diam- 
eter of  tub. 

"(b)  Tbe  crozing  at  bottom  of  staves  sball  be  cut  witli  proper 
regard  for  pitch  of  stave  when  in  position,  and  circular  in  shape,  so 
as  to  be  completely  filled  by  tub  bottom  when  staves  are  driven  up. 

"(c)  The  outside  of  staves  shall  be  surfaced  convex  so  as  to 
give  a  full  bearing  to  hoop  throughout  the  width  of  each  stave. 

"(d)  The  tub  shall  be  provided  with  hoops,  as  shown  on  plan, 
with  single  bolt  pressed   steel  draw  lugs   and  bolts   for   tightening. 

"(e)  One  e.xtra  stave  and  dowel  pins  shall  be  furnished  with  each 
tub.  Every  tub  shall  be  set  up  at  the  factory  and  the  bottom  and  cor- 
responding stave  marked  and  numbered  before  being  knocked  down  for 
shipment.  The  location  of  the  hoops  shall  also  be  marked  on  the 
staves. 

"(f)  Hoops  should  le  of  muck  bar  iron,  4  in.  wide  by  I'^-in.. 
thick,  spaced  as  shown  on  plan,  furnished  in  three  sections  and 
equipped  with  one-bolt  pressed  steel  lugs  and  bolts. 

"(2)  Roof  may  be  of  material  and  design  to  conform  with  avail- 
able markets  and  other  structures. 

"(3)  Wooden  Storage  Tanks. — The  plan  submitted  in  Appendix 
K  is  recommended  as  good  practice. 

"Steel  Storage  Tanks. — Steel  tanks  are  recommended  as  good 
practice  unless  the  character  of  water  prevents  their  use.  They  have 
a  life  more  than  double  that  of  wood  and  larger  scrap  value  when  dis- 
mantled; the  first  cost  is  not  much  greater  than  wood,  while  the  cost 
for  proper  maintenance  of  either  is  about  the  same.  Provision  for 
increased  storage  can  be  made  with  steel  tanks  when  first  erected,  the 
additional  capacity  to  be  obtained  by  making  tank  higher  whenever 
necessary  at  small  cost,  compared  with  that  of  an  additional  wooden 
tank.  Further  merit  of  steel  tanks  is  reflected  in  conclusion  under 
Tub — kind  of  material,  stated  earlier.  The  Hemispherical  Bottom  Steel 
Tank  with  steel  substructure  is  not  used  ordinarily  except  at  terminals. 
Three  types  of  steel  tanks  are  used  at  intermediate  water  stations,  viz., 
Flat-Bottom  Tub  on  steel  substructure,  Hemiellipsoidal  Bottom  Tub,  sup- 
ported by  steel  posts  around  the  outside,  and  a  cylinder  or  mud-drum 
5  or  6  ft.  in  diameter  at  the  center  of  the  bottom,  the  mud-drum  serv- 
ing as  frostproofing  for  the  tank  and  column  supply  lines,  and  as  a 
settling  basin  for  sediment  which  is  washed  out  through  blow-off  valve. 

"Standpipe  Tub,  consisting  of  a  tub  imposed  directly  on  the  foun- 
dation, the  substructure  being  omitted.  The  portion  below  the  water 
column  nozzle  acts  as  a  settling  basin  for  sediment,  which  can  be 
readily  washed  out.  This  type  may  be  used  as  a  combined  storage  tank 
and  water  softener,  the  raw  water  and  chemicals  being  introduced  at 
the  bottom,  the  treated  water  being  drawn  from  upper  portion  by  means 
of  a  floating  intake. 
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"Tub  Unit  Capacity. —  (i)  The  tub  unit  capacity  at  Intermediate 
Water  Stations  depends  on  the  relation  of  consumption,  cost  of  in- 
stallation and  operation.  It  is  recommended  that  the  unit  be  at  least 
50  per  cent,  greater  than  the  maximum  daily  consumption  when  erected. 

"(2)  The  tub  unit  capacity  at  terminals  also  depends  on  the  relation 
of  consumption,  cost  of  installation  and  operation.  The  unit  capacity 
in  this  case  is  particularly  subject  to  local  conditions  and  no  general 
relation  obtains  between  it  and  the  consumption.  Ordinarily  the  tub 
serves  as  an  equalizer  to  take  care  of  heavy  and  light  periods  during 
the  24  hours,  and  the  unit  is  generally  less  than  the  consumption." 

Mr.  L.  C.  Fritch : — I  would  like  to  ask  whether  all  these  conclu- 
sions are  to  be  embodied  in  the  Manual,  or  whether  this  is  simply 
information. 

The  President : — All  that  is  in  boldface  type  is  intended  to  be  em- 
bodied in  the  Manual. 

Mr.  J.  B.  Berry  (Chicago,  Rock  Island  &  Pacific)  :— Does  the 
Committee  mean  that  the  bottom  of  the  tub  should  be  15  or  20  feet 
above  the  rail? 

Mr.  Ransom : — That  was  the  idea ;  to  have  the  bottom  of  the  tub 
15  or  20  feet  above  the  rail. 

Mr.  Robert  Ferriday  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : 
— I  would  like  to  say,  since  the  report  was  published,  we  have  looked 
further  into  the  question  of  dimensions  and  would  like  to  substitute 
the  word  "outside"  for  "inside."  The  conclusion  would  then  read : 
"The  outside  diameters  shall  be  24  feet  at  the  bottom  and  23  feet  4 
inches  at  the  top.  The  staves  shall  be  15  feet  11  inches  long."  We 
have  canvassed  further  and  find  that  the  tubs,  as  manufactured,  will 
agree  with  these  revised  dimensions.  We  are  also  going  to  change  the 
title  of  the  specifications  to  show  the  actual  capacity.  This  has  not 
yet  been  calculated.  The  16  by  24  foot  tubs  are  spoken  of  as  50,000 
gallon  tubs,  but   the   capacity   is    really  less. 

Mr.  Shurtleff:— I  ask  the  Committee  why  they  have  different  diam- 
eters for  the  bottom  and  top  of  the  tub?  I  have  known  for  a  number 
of  years  of  tubs  being  successfully  used  of  the  same  diameter  through- 
out. 

iMr.  Ferriday:— It  is  not  necessary  at  the  present  time;  these 
dimensions  conform  with  the  majority  of  tubs  as  built.  The  tubs 
were  tapered  on  account  of  the  hoops  originally  having  been  fastened 
together  without  lugs  and  were  driven  on.  The  dimensions  of  the  top 
could  be  changed,  but  it  was  the  idea  to  draw  these  specifications,  not 
to  cover  any  radical  change  in  the  manufacturers'  plans,  but  to  agree 
with  them. 

Mr.  Shurtleff:— I  have  found  the  manufacturers  are  willing  to  bid 
on  a  straight  tub.  There  is  no  trouble  about  getting  competition,  and 
I  cannot  see  why  we  should  bind  ourselves  to  what  the  manufacturer 
might  wish  to  deliver. 
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Mr.  Berry : — \\'c  liavc  been  building  water  tanks  with  straight 
staves  for  twenty  years.  It  Joes  not  cost  much  more  money  to  increase 
the  capacity  of  the  tub.  Because  some  one  has  been  doing  something 
for  a  number  of  years  does  not  compel  us  in  a  modern  plant  to  adopt 
these  ideas. 

Mr.  Ferriday : — We  shall  be  glad  to  have  a  suggestion  to  change 
that.  I  believe  the  majority  of  the  tubs  that  are  being  fiu^nished  are 
in  accordance  with  the  dimensions,  and  that  was  the  reason  they  were 
selected,  rather  than  recommend  something  different  from  those  usually 
furnished. 

The  President : — The  Association  understands  that  unless  some 
formal  objection  is  made  the  paragraphs  will  stand. 

Mr.  Shurtleff: — I  move  that  the  specification  for  50,000-gallon  white 
pine  tubs  be  changed  to  read  "the  inside  diameters  shall  be  24  feet," 
leaving  out  the  question  of  bottom  and  top. 

Mr.  W.  F.  Stefifens  (Carolina,  Clinchfield  &  Ohio)  :— I  want  to 
inquire  whether  this  matter  is  to  be  published  in  the  Manual  as  it 
stands.  Are  we  placing  the  Association  on  record  as  recommending  a 
50,000-gallon  tank? 

Mr.  Ferriday : — That  is   the  idea. 

Mr.  Stefifens : — If  that  is  the  case,  I  hope  we  may  open  the  argu- 
ment as  to  the  relative  merits  between  a  50,000-gallon  tank  and  a 
60,000-gallon  tank.  A  60,000  capacity  tank  is  secured  by  increasing  the 
height  of  the  staves  4  feet ;  in  other  words,  we  add  20  per  cent,  to  the 
capacity  of  the  tank  at  a  relatively  small  cost. 

Mr.  Ferriday : — It  was  not  recommended  that  this  size  be  used,  but 
it  was  recommended  that  these  specifications  be  used  for  that  size  tub ; 
nor  was  it  intended  to  recommend  white  pine  tubs,  but  it  was  intended 
to  recommend  that  for  50,000-gallon  white  pine  tubs  these  specifications 
were  to  be  used. 

(Mr.   Shurtleff *s  motion  was  adopted.) 

Mr.  J.  P.  Snow  (Boston  &  Maine)  : — Referring  to  paragraph  (d) 
it  says  that  the  hoops  shall  be  provided  with  pressed  steel  draw  lugs 
for  the  purpose  of  being  tightened.  I  think  that  requirement  would 
confine  us  to  the  use  of  flat  hoops,  and  if  so,  the  paragraph  should  be 
modified  so  that  either  flat  or  round  hoops  could  be  used. 

iMr.  Ferriday : — The  hoops  on  the  recommended  plan  are  flat.  The 
Committee  in  their  report  state  that  the  use  of  the  half-round  or  semi- 
elliptical  hoop  involves  what  might  be  considered  special  shapes  that 
were  not  ordinarily  obtainable,  and  they  felt  by  recommending  the  use 
of  the  muck-bar  wrought-iron  hoops,  together  with  heavier  hoops,  that 
a  sufficiently  strong  hoop  would  be  provided,  and  the  lugs  were  recom- 
mended in  connection  with  these  flat  hoops. 

Mr.  Loweth : — I  think  this  Association  ought  not  to  go  on  record 
as  approving  flat  hoops  exclusively.  For  about  five  years  past  the  Chi- 
cago,   Milwaukee    &    St.    Paul    Railway    has    been    gradually    going    to 
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round  hoops,  and  round  hoops  are  now  our  standard  on  this  road. 
Our  experience  has  shown  that  the  round  hoops  have  many  advantages 
over  the  flat  hoops. 

j\Ir.  Jos.  O.  Osgood  (Central  Railroad  of  New  Jersej-)  : — The  Xew 
Jersey  Central  has  also  been  using  round  hoops  as  standard  for  several 
years. 

Mr.  C.  H.  Ewing  (Philadelphia  &  Reading)  : — We  have  adopted 
the  round  iron  hoops  as  standard  and  do  not  consider  it  safe  to  con- 
tinue to  use  the  old  flat  hoops,  in  view  of  the  failures  we  have  had  on 
that  account. 

Mr.  Lindsay: — I  move  ihe  subject  of  tank  hoops  be  referred  back 
to  the  Committee  for  further  consideration. 

(Motion  carried.) 

Mr.  L.  C.  Fritch : — It  seems  that  paragraph  (f)  should  go  back  to 
the   Committee  with   paragraph    (d). 

Mr.  Shurtleff:— I  move  that  the  entire  specification  for  white  pine 
tubs  be  referred  back  to  the  Committee,  with  the  idea  of  leaving  the 
dimensions  blank  in  such  way  that  the  specification  will  cover  any 
dimension  of  white  pine  tub  that  is  used  in  practice. 

Mr.  M.  L.  Byers  (Missouri  Pacific)  : — I  move  to  amend  it  by  ask- 
ing the  Committee  to  also  prepare  specifications  for  a  loo.ooo-gallon 
tank. 

Mr.  T.  H.  Gatlin  (Southern  Railway)  : — Will  Mr.  Byers  concede 
that  the  Committee  should  also  furnish  specifications  on  60,000-gallon 
tanks? 

Mr.  Shurtleff : — I  think  my  motion  would  cover  the  100,000-gallon 
tanks  as  well  as  the  60,000,  if  the  Committee  eliminates  the  dimensions, 
leaving  them  blank,  but  cover  the  specific  points  for  wood  tubs  of  any 
capacity. 

]\Ir.  Loweth : — I  should  be  sorry  to  see  Mr.  Byers'  amendment 
carried,  because  I  feel  that  a  wooden  tub  of  100,000  gallons  capacity, 
while  practicable,  is  too  large  for  economy,  and  when  such  large 
capacity  is  desired  it  would  generally  be  preferable  to  use  a  steel  tank. 
I  see  no  objection,  however,  to  the  Committee  framing  specifications 
for  tanks  of  various  sizes,  approximating  50,000,  60,000,  70,000,  80,000 
and  100,000  gallon  capacities.  It  would  be  a  simple  matter  to  make 
specifications  and  tables  of  dimensions  covering  these  several  sizes,  and 
there  may  be  some  who  would  want  to  use  larger  than  the  50,000- 
gallon  capacity  tank.  The  Chicago,  Milwaukee  &  St.  Paul  Railway  has, 
of  late,  used  a  large  number  of  18  by  26  foot  tanks,  which  have  a 
capacity  of  about  70,000  gallons.  With  the  large  locomotive  tenders 
now   in   use    50,000-gallon   tanks    are    pretty    small. 

(Mr.  Byers'  motion  was  lost;  the  motion  of  Mr.  Shurtleff  was 
carried.) 

]\Ir.  Lindsay : — I  think  after  tub  unit  capacity  would  be^  a  good 
place  to  put  in,  "the  tub  capacity  for  24  hours  should  be  of  such 
capacity  as  to  be  pumped  by  the  day  or  night  shift."     We  find  we   can 
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efifect   considerable   economy  by   increasing  our   tub   capacity,  so   tbat    one 
pumper  can  pump  enough  to  last  through  the  night. 

Mr,  Ferriday: — We  say  that  the  tub  unit  capacity  at  terminals 
depends  on  the  relation  of  consumption,  cost  of  installation  and  opera- 
tion, and  it  seems  to  me  that  covers  that  feature  if,  from  the  operat- 
ing cost,  it  is  more  economical  to  make  (he  tub  unit  capacity  large 
enough  to  avoid  pumping  at  night,  then  tlie  capacity  should  be  large 
enough  for  that  purpose.  It  varies  at  different  terminals.  It  seems  to 
me  that  the  general  statement  contained  in  the  first  sentence  covers 
items   of  that  kind. 

Mr.  Osgood :— I  notice  under  the  head  "Tub  Unit  Capacity"  the 
following  occurs:  "It  is  recommended  that  the  unit  be  at  least  50 
per  cent,  greater  than  the  maxinunn  daily  consumption  when  erected." 
In  the  case  of  a  consumption  of  500,000  gallons  a  day  or  more,  that 
is   a   little   severe. 

Mr.  Ferriday: — I  think  that  for  intermediate  water  stations,  to 
which  that  section  applies,  that  such  consumption  would  not  very  often 
occur.  The  idea  of  the  Committee  is  that  a  large  consumption  of 
that   kind    would   probably   be   only   at   a    terminal    station. 

Mr.  Osgood  :■ — I  have  in  mind  a  case  where  about  700,000  gal- 
lons daily  are  taken.  I  think  the  phraseology  might  be  more  elastic, 
so  as  not  to  seem  to  require  for  good  practice  so  large  an  excess 
over    the   daily    consumption. 

Mr.  Loweth : — In  line  with  what  Mr.  Osgood  has  said,  I  suggest 
that  the  last  sentence  of  the  first  paragraph  be  made  to  read  as  fol- 
lows :  "It  is  recommended  that  the  probable  future  requirements  be 
considered."  This  will  serve  as  a  caution  against  putting  in  a  station 
without  making  provision  for  the  future,  and  avoids  being  so  definite 
about  a  detail  which,   at  the  best,   must   be   very   uncertain  and  variable. 

Mr.  Lindsay: — We  have  a  track  tank  which  furnishes  in  the 
neighborhood  of  900,000  gallons  of  water  per  24  hours  average.  It 
is  supplied  by  a  50,000-gallon  tank  and  a  duplicate  system  of  pumps, 
so  that  if  we  followed  that  rule  in  such  cases  we  would  have  a  pretty 
large    storage   capacity. 

'Mr.  Ferriday: — Mr.  Loweth's  suggestion  will  be  accepted.  We 
had  in  mind  an  intermediate  water  station  _consuming  from  50,000 
to  100,000  gallons  a  day.  We  withdraw  the  second  sentence  entirely 
in  paragraph  2,  relating  to  tub  unit  capacity  at  terminals.  The  sen- 
tence  begins,    "The   unit   capacity    in    this    case,"    etc. 

The  Secretary: — "Water  Columns. — When  the  cost  is  not  of  first 
importance,  or  when  the  objections  to  tank  spouts  are  not  nullified 
by  local  conditions  in  special  cases,  the  use  of  water  columns  is  rec- 
ommended   as    good    practice. 

"Supply  line  should  be  same  size  as  column  where  distance  to 
storage  tank  is  not  over  100  ft. ;  where  distance  is  greater,  one  size 
larger   is   recommended. 

"Column    pit    should    be    waterproof    and    drained. 
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"Column  valve  should  operate  from  locomotive  tender  only,  and 
should  be  water-cushioned  and  provided  with  automatic  drain  for 
part   of   column   above    freezing   line    in   cold    climates. 

"Turning  device  should  operate  from  tender  or  ground  and  have 
automatic    lock    to    keep    horizontal   part   of    column    parallel    to    track. 

"Horizontal  pipe,  when  flexible  joints  are  used,  should  have  ver- 
tical movement   sufficient   to   accommodate   high   and   low   engine   tenders. 

"All  moving  parts  of  column  for  operating  same  should  be  easy 
of  access." 

,  Mr.  Osgood: — At  the  head  of  page  219  it  is  stated,  "Supply  line 
should  be  same  size  as  column  where  distance  to  storage  tank  is 
not  over  100  ft. ;  where  distance  is  greater,  one  size  larger  is  recom- 
mended." We  have  found  ir  good  practice  in  our  case  to  do  away 
with  i2-in.  spouts  and  substitute  lO-in.,  using  a  12-in.  supply  line, 
and  it  occurs  to  me  some  others  may  have  had  similar  experience. 
The  12-in.  spout  is  very  heavy  to  handle  and  the  delivery  is  prac- 
tically the  same  with  the  lo-in.  spout,  provided  the  supply  line  is 
kept  at   12  in. 

Mr.  Ransom: — Do  you  do  that  where  the  distance  is   100  ft.? 

Mr.  Osgood : — We  always  put  a  12-in.  line  from  the  tub  to  the 
standpipe,    and    now    use    a    lO-in.    standpipe. 

Mr.  M.  L.  Byers : — In  connection  with  "tub  unit  capacity,"'  I  would 
like  to  suggest  to  the  Committee  the  value  of  a  table  which  would 
show  the  comparative  cost  of  securing  tub  unit  capacity  by  size  of 
tub  as  compared  with  number  of  tubs.  I  think  to  any  of  us  who 
have  not  figured  that  out,  it  would  be  surprising  to  see  the  slight 
increase  in   the  cost  of  the   100,000  capacity  tank  over  the   smaller   tank. 

The  President : — The  Committee  will  take  cognizance  of  that  sug- 
gestion. 

The  Secretary : — "Operation. — Regular  employes  should  be  kept  in 
the  service  whose  principal  business  is  the  operation  of  the  pumping 
plant.  A  traveling  repairman  should  visit  each  plant  periodically  and 
attend   to   all   repairs,    which   cannot   be   made   when   plant    is    running. 

"Accurate  records  should  be  at  hand  in  the  office  of  the  official 
having  charge  of  this  branch  of  the  service,  as  indicated  by  Ap- 
pendix  E. 

"Accurate  reports  of  pumping  service  should  be  kept,  as  indicated 
in   Appendices    C   and   D." 

Mr.  Lindsay: — It  is  stated  that  "a  traveling  repairman  should 
visit  each  plant  periodically,  and  attend  to  all  repairs  which  cannot 
be  made  when  plant  is  running."  Does  that  mean  repairs  which 
cannot  be   made   by   pumper   or   man   in    charge? 

Mr.    Ransom  : — Yes,    sir. 

Mr.  Osgood  :• — Has  the  question  of  duplicate  machinery  been  con- 
sidered? 
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Mr.  Ransom: — A  recommendation  is  in  the  body  of  the  report, 
but  it  does  not  appear  in  the  conclusions.  We  recommend,  where  a 
pump  has  to  run  twenty  hours  in  order  to  supply  the  quantity  of 
water  desired,  that  duplicate  machinery  be  added.  I  think  that  should 
be   added    to    the    conclusions. 

Mr.  Loweth : — I  would  like  to  inquire  what  is  to  be  gained  by 
this  Association  committing  itself  to  the  first  sentence  of  the  first 
paragraph,  under  the  subtitle,  "Operation,"  requiring  a  regular  pumper 
for  each  pumping  plant  who  should  have  no  other  duties.  On  the 
Chicago,  Milwaukee  &  St.  Paul  Railway  we  have  many  water  stations 
which  are  taken  care  of  by  men  whose  principal  business  is  something 
else  than  pumping.  We  have  a  great  many  gasoline  pumping  plants 
which  are  taken  care  of  by  the  station  forces.  Many  of  these  run 
for  long  hours,  and  yet  the  amount  of  care  and  attention  given  them 
by  the  station  forces  is  relatively  small  as  compared  with  the  other 
duties  of  these  attendants.  In  many  cases  men  take  care  of  pumping 
stations  and  at  the  same  time  handle  coal  and  ashes ;  the  attention 
required  for  pumping  is,  perhaps,  the  least  of  their  duties.  In  ter- 
minals the  pumping  plant  may  be  located  at  a  shop  or  roundhouse, 
and  in  such  cases,  although  the  pumping  plant  may  be  in  operation 
most  of  the  time,  it  will  require  but  a  comparatively  small  portion 
of  the  time  of  the  operator,  whose  principal  duties  may  be  other  than 
that  of  pumper.  It  is  true  that  where  a  man  has  two  or  more  duties 
which  may  at  times  conflict,  that  they  are  not  at  all  times  given  the 
best  attention,  but  the  large  saving  resulting  from  these  combined 
duties  more  than  offsets  the  disadvantages.  At  least  that  has  been 
the  experience  of  the  road  I  represent.  It  seems  to  me  the  Associa- 
tion will  certainly  gain  nothing  by  adopting  the  first  sentence  of  the 
paragraph  referred  to,  but  will  quite  possibly  commit  itself  in  a  way 
that  may  be  more  or  less  embarrassing  to  some  of  the  roads   later  on. 

iMr.  Ransom: — Has  Mr.  Loweth  kept  a  correct  record  of  the 
repairs   on    the   line? 

Mr.    Loweth: — Yes,    sir;    we   have. 

Mr.  Ransom : — We  found  from  what  information  we  could  ob- 
tain on  that  subject  from  the  members  that  the  repairs  would  run 
up   pretty   heavily   where    the   men    had   other    duties    to    perform. 

Mr.  M.  L.  Byers: — I  agree  with  Mr.  Loweth,  but  would  add  the 
second  sentence  also.  I  think  it  is  desirable  to  have  the  pumpers 
who  are  regular  men  make  all  the  repairs  they  possibly  can,  and,  fur- 
ther, there  are  many  repairs  that  cannot  be"  made  by  traveling  repair- 
men. We  must  send  the  boiler  to  the  shop  to  have  it  repaired.  So 
I  do  not  believe  it  is  possible  to  carry  out  the  second  sentence  lit- 
erally. I  would  prefer  to  see  both  sentences  stricken  out,  and  will 
make   a   motion   to   that   effect.  ^ 

Mr.    Ferriday : — The    idea    of    the    first    part    of    the    conclusion    is  | 

this :     In   a   great   many   cases   the   men   who  want    to   sell   the   gasoline 
pumping   engines   tell   about   how   little   the  labor   cost   will  be,   and    the 
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pump  is  purchased  and  put  into  operation  and  it  runs  for  a  while 
and  then  it  commences  to  go  all  to  pieces.  I  know  from  the  opera- 
tion of  gasoline  engines  in  running  dynamos  at  electric  interlockings 
that  the  attendance  of  a  man  is  necessary.  Because,  if  anything  goec 
wrong,  the  engine  runs  away  with  itself  and  it  makes  it  expensive 
to  repair,  and  it  also  interferes  with  the  supply,  which  it  is  very 
important  be   continuous. 

The  idea  of  putting  in  the  second  sentence  was  that  repairmen 
should  visit  the  plants  periodically,  not  that  they  should  make  all 
repairs,  but  that  periodical  visits  should  be  made  by  expert  repair- 
men, and  in  that  way  the  maintenance  of  the  plant  will  be  kept  to 
a    high    standard. 

M'r.  Lindsay : — Speaking  in  support  of  the  Committee's  recom- 
mendation, there  has  been  a  great  deal  of  left-handed  economy  in 
the  operation  of  pumping  stations,  not  only  gasoline-driven,  but  steam- 
driven.  I  think  it  is  a  mistake  to  put  a  steam  plant  in  the  hands 
of  a  baggageman  or  station  attendant,  who  is  not  qualified  to  operate 
it.  I  think  the  recommendations  are  proper,  and  this  Association 
should  go  on  record  as  being  opposed  to  having  a  pumping  plant  in 
charge  of  a  man  who  is  not  competent  to  run  it  and  whose  other 
duties  are  such  that  he  cannot  give  the  pumping  plant  necessary 
attention    in    preference    to    all    else. 

Mr.  Ferriday: — The  idea  was  that  the  pumper  should  be  put  on 
this   work   and   his    spare   time   put   on   other   work. 

Mr.  Loweth : — It  doubtless  does  cost  more  for  the  maintenance 
of  a  pumping  plant  whicli  is  in  the  care  of  an  incompetent  man  or 
one  who  has  other  duties  which  may  at  times  result  ia  his  neg- 
lecting tha  pumping  plant.  Frequently,  by  combining  the  work,  we 
are  able  to  get  more  intelligent  and  higher  grade  employes,  and  all 
of  the  work  is  thus  given  better  attention.  On  the  St.  Paul  Road 
many  gasoline  pumping  plants  are  taken  care  of  by  station  agents 
or  helpers,  for  which  they  are  paid  from  $7.50  to  $10  extra  a  month. 
This  makes  the  cost  of  labor  for  pumping  amount  to  $90  to  $120 
a  year.  If  regular  pumpers  were  employed,  tlie  cost  would  be  six 
to   eight   or   more    times    this    amount. 

It  is  true  that  the  pumping  plants  are  occasionally  more  expensive 
to  maintain  on  account  of  the  inefficiency  of  these  men.  Even  taking 
this  into  consideration,  there  is  an  advantage  of  large  net  economy. 

Mr.  L.  R.  Clausen  (Chicago,  Milwaukee  &  St.  Paul)  :— I  object 
to  that  paragraph  for  the  reason  that  it  lays  down  principles  for 
operation  for  all  conditions.  It  does  not  make  any  distinction  for 
conditions  that  may  exist  on  a  railroad.  The  principle  may  be  per- 
fectly proper  for  a  road  with  congested  traffic,  where  the  pumping 
stations  furnish  a  large  amoimt  of  water,  but  does  not  apply  on  a 
road  where  traffic  is  light,  and  the  stations  are  not  required  to  fur- 
nish a  great  amount  of  water.  I  do  not  think  it  good  policy  for 
the    Association    to    advance    or    define    a    particular    principle    to    cover 
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all  conditions.  If  yon  wish  to  define  a  policy,  make  some  distinction 
in  the  conditions.  If  we  followed  the  policy  outlined  here,  it  would 
make  an  addition  to  our  operating  expenses  which  is  not  justified, 
because  we  are  furnishing  water  satisfactorily  by  using  employes  whose 
principal    duties    are    other   than    that    of    pumping. 

(The  President  then  put  the  combined  motions  of  Messrs.  Loweth 
and   Byers,   and   the   first  section  under   ''Operation"   was   stricken  out.) 

Mr.  W.  F.  Steffens :— The  word  "same"  is  used  twice  on  page 
216  in  referring  back  to  something  different  each  time.  I  call  that 
to    the    attention    of   the    editing    committee. 

Mr.  M.  J.  Henoch  (Louisville  &  Nashville)  : — I  want  to  ask 
whether  the  subject  of  reinforced  concrete  tanks  has  been  consid- 
ered? If  not,  I  move  that  the  Committee  be  requested  to  investigate 
jind    report   on   the    subject. 

Mr.  Ransom: — The  subject  has  not  been  considered,  because  we 
have  not   been   able   to  find   any   that   have   been   built. 

Mr.  Henoch : — I  have  not  any  particular  information  on  the 
subject,  but  I  have  noticed  reports  at  different  times  in  engineering 
periodicals  of  reinforced  concrete  tanks  that  have  been  built  at  various 
points,  and  I  think  it  would  be  valuable  to  at  least  collect  some 
information    on    the    subject. 

Mr.  Ransom : — I  move  the  adoption  of  the  Committee's  report 
as    amended. 

(Motion    carried.) 

Mr.  Edwin  F.  Wendt  (Pittsburg  &  Lake  Erie)  : — Will  the  chair- 
man   indicate   just   what   is   to   be    included    in    the    Manual? 

Mr.  Ransom : — The  idea  of  the  Committee  is  to  have  what  is 
printed  in  boldface  type,  and  in  addition  to  that  the  diagrams  printed 
in   the   body   of   the    report. 

The  President: — The  Committee  will  be  e.Kcused  with  the  thanks 
of    the    Association. 
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•  On  Ballasting,    721,    722,    724,    725,    ^2-]. 

On  Rail,    394. 

On  Uniform  Rules,  58,  59. 

On  Water   Service,  810,  813,  819,   820,   821,  ^i^. 
Loweth,    C.    F.,    discussion : 

On  Water   Service,   811,  818,   819,  820,  822,  823. 

On  Wooden   Bridges   and   Trestles,  600,  610. 

M 

McDonald,   Hunter,   discussion: 

On  Ballasting,    726. 

On   Rail,   394,    395. 

On  Ties,  522,  523. 

On  Track,  454,  455,  468. 

On  Signaling  and   Interlocking,   212,   213,  222,   223. 

On  Uniform    Rules,   60,   61. 

Remarks    on    Waller    Gilman    Berg,    22. 
McNab,   William    (see  also   under    "The    President")  : 

Address   of,    11-15. 

Election  of  as   President,  32. 
Mann,   B.    H.,    discussion   on    Signaling  and    Interlocking,    233. 
Memoirs  of  Deceased  Members,  36-48. 
Metal  and   Composite  Ties,   report  on,   495-519. 
Mock,  J.   C,   discussion : 

On  Brine   Drippings,  244,   246,   247. 

On  Signaling  and   Interlocking,    210,   211. 
Mountain,  G.  A.,  discussion : 

On   Signaling  and   Interlocking,  230. 

On  Uniform    Rules,    57. 


N 

Nelson,   J.    C,    discussion    on    Wooden    Bridges    and    Trestles,    •603,    604, 
605,  606. 
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O 

Officers,   election   of,   32,   33. 
Osgood,  Jos.  O.,  discussion : 

On  Ballasting,    727,    729. 

On  Ties,   528. 

On  Wooden    Bridges    and    Trestles,   604,    606. 

On  Water    Service,   819,    820,   821. 


Paquette,    C.    A.,    discussion    on    Uniform    Rules.   ()-. 

Parker,  C.  J.,  discussion  on  Track,  449. 

Piles   and    Pile   Driving,   report  on,   536,   537,   565-592. 

Platforms,  movable,    for  freight  transfer,  253,  254. 

Preservatives,   wood,  620,  621. 

President,   address   of,    11-15. 

R 

Rail,   report  on,  334-392;    discussion,   393-396. 

Ransom,    C.    L.,    discussion    on    Water    Service,    810,    811,    812,    813,    814, 

817,  821,  822,  824. 
Ray,   G.  J.,-  discussion   on   Brine   Drippings,   245. 
Raymond,   Wm.   G.,   discussion   on   definition   of  "degree  of  curve,"   442. 

443- 
Rhea,    Frank,    discussion    on    Signaling    and    Interlocking,    212,    213,    215, 
216,  217,  218,  219,  220,  221,   222,   223,   224,   22^,    227,   228,   229,   230, 
231,   232,   233. 
Roberts,  S.  S.,  discussion : 

On  Signaling   and   Interlocking,  222. 

On  Track,  452,  453,  455,  456,  457,  469-475- 
Robinson,  A.  F.,   discussion  on  Wooden   Bridges  and  Trestles,   605. 
Rose,   L.   S.,   discussion : 

On  Signaling   and    Interlocking,   216. 

On  Track,  451,  455,  461,  464,  467,  468,  469. 

Resolution  offered  bj',  35. 
Ross,  George  W.,  resolution  of  thanks  to,   35. 
Rudd,   A.   H.j   discussion : 

On  Signaling  and   Interlocking,  208,  209,  211,  212,  231,  233,  234. 

On  Ties,   527,   528,   529. 

On  Track,  456. 

Election   of   as   Director,  32. 
Rules    governing    Track    Foremen,    Bridge    and    Building    Foremen    and 
Signal    Foremen,   52-54. 

S 
Safford,   H.    R.,   discussion : 

On  Ballasting,    729. 

On  Ties,  527. 

On  Uniform  Rules,   64,  65. 
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Schall,   F.  E.,  discussion  on  Brine  Drippings,  244.  245,  247. 

Remarks   on   Walter   Gilman    Berg.   21.   22. 
Secretary  and  Treasurer,   report   of,    15,    16. 
Shurtleff,    A.    K.,    discussion    on    Water    Service,    781-791,    812,    817,    81? 

819. 
Signaling   and   Interlocking,    report   on,    71-207 ;    discussion,   208-234. 
Signals,   injury  to   account  brine   drippings,  239,   240. 
Snell,  J.   E.,   discussion  on   Wooden   Bridges  and   Trestles,  601,   604,   60= 

606,   608. 
Snow,  J.   P.,  discussion : 

On  Uniform   Rules,   59,  60,   61,   65. 

On  Water   Service,  818. 

On   Wooden   Bridges  and  Trestles,  605. 

Remarks    on    Walter   Gilman   Berg.   22,   23. 
Spirals,   use   of,   411-430. 

Statistics   of  Treated   Ties   and   Timber,   617-620. 
Steel   Water    Tanks,    755-757. 

Steffens,    W.    F.,    discussion    on    Water    Service,    818,    824. 
Stevens,    F.    S.,    discussion    on    Yards    and    Terminals,    332,    333. 
Stimson,    Earl,    remarks   on   Daniel    Dawson    Carothers,   28. 
Stresses,  safe  unit,  535,  543-569. 
Stringers,   tests   of,    593-597. 

Sullivan,   John    G.,    discussion   on   Track,   482-484. 
Switch   Leads,   theoretical,   471,   472,    473. 
Switch,  split,  properties  of,  402-407. 


Thompson,   A.  W.,   discussion : 

On  Ties,  521,  522,  523,   524,  527,  529,  530,  532. 

On  Track,  452,  453,   465,  466. 

Election    of    as    Director,    32. 

Remarks  on  Daniel  Dawson   Carothers.  25-28. 
Ties,    report    on,    489-520;    discussion,    521-532. 
Timber   Supply,   report   on,   493,  494. 
Track,    report   on,   397-450;    discussion,   451-488. 

Injury   to    from   brine    drippings,   239. 

Pans,   design  of,   761,   762. 
Trap,  geological   description   of,   712-714. 
Trimble,   Robert,   discussion   on   Ties,  528,   529,    530. 

U 

Uniform  Rules,   report  on,  51-55;   discussion,   56-69. 

Universal    Portland    Cement   Company,   resolution   of   thanks   to,   35. 


Von   Schrenk,   Dr.    Hermann,   discussion   on   Wooden    Bridges   and   Tres- 
tles,   612-614. 


X  INDEX. 

W 

Water  Service,  report  on,  731-809;   discussion,  810-824. 
Webb,   G.  H.,   discussion   on   Uniform   Rules,  57,   58,  61. 
Webb,   Walter   Loring,   discussion    on   Track,   459. 
Wendt,   Edwin   F.,   discussion : 

On  Signaling   and   Interlocking,   218,   223,   230,    231. 

On  Ties,  524,  530,  531. 

On  Track,  445,  448,   449,  454,  459.  460,  461,  467. 

On  Uniform   Rules,   57,  68. 

On  Water   Service, '824. 

On   Wooden   Bridges   and   Trestles,   611. 

Remarks  on  Walter  Oilman  Berg,  31. 
Wheeler,   W.   D.,  discussion   on   Track,   460,  462,   463. 
Williams,   S.   N.,   discussion  on  Ties,   525. 

Wooden  Bridges  and  Trestles,  report  on,  533-597;  discussion,  598-614. 
Wood,   the  microscopical   structure  and  physical  condition   of,  as   affects 
penetration    by   preservatives,   638-653. 

Preservation,    report    on,   615-668;    discussion,   669-676. 

Y 

Yards    and    Terminals,    report    on,    249-331  ;    discussion,    332-333. 
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Fio.  22.    Plan  and  Pionu  or  th»  Ashley  Incunid  Planis  ;    C.  R.  R.  or  N.  J. 


Fio.  23.    Cabli  Pusbek  ok  "Baekiv"  Ca«:    Ashley  Planes. 


FIG.  a. 
PLAN    AND    PROFILE    OF    ASHLEY 
INCLINED    PLANES;    C.    R.    R.    OF 
N.  J. 


FIG.  !i. 

CABLE  PUSHER  ON  BARNEY  CAR, 
ASHLEY  PLANES. 


jmm- 


DIA0flAM'0f3/IRH£r  PIT  AND  PLANC. 


CROSS  SeCTIOII  OF  BARNE1  PIT  LONOITUDINAL  SECTIOM  OP  BAR/ier  PIT 

Fig.  24.    Plan  or  Rau.  Arrangement  on  the  Ashley  Planes. 


FIG.   24- 
PLAN  OF  RAIL  ARRANGEMENT   ON 
THE    ASHLEY    PLANES. 


PLtN   SHOWING   TRACKS  IN  USE    WHEN   PLANE    NO.   I.  IS  IN  OPERATION. 


Fic,  25,    Plan  of  Mahokv  Inclined  Plane:  Phil.\oelpbl\  &  Reading  Ry. 


FIG.  25. 

PLAN    OF    MAHANOY    PLANE;    P.    & 
R.   RY, 


Kic.  26.     Profile  of   Mahanov    1'i.ane;    Philadelphia   &    Reading    Ry. 


FIG.  !6. 

PROFILE  OF  MAHANOY   PLANE;    P. 
&  R.   RY. 
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STEEL  STAND   PIPE  TANK. 
CAPACITY    60,000    GALLONS. 


Note:-  Tanh  fo  be  pkxedupon  o  fxr/ttM/ krel yur^c*  e>/e/K  tnc^ 
of oouaf part  Sana ondpcrfhnd  et'n^nfmucdtrr^e^^'i.'^ 
msferJh  maAe  same  att  f>rcfiori^  •J  a  ciAS^/'on 


Appendix  L-2. 

STEEL  STAND  PIPE  TANK. 
CAPACITY,  6o,cxx>   GALLONS. 


R€COMMCND£D   PUJN 
or 
SOOOO  Gfil-t-ON  WOODEN  STORfKi:  T/JNK 
/909 


RECOMMENDED   PLAN   OF   =;o,ooo  GAL- 
LON  WOODEN  STORAGE  TANK. 
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^^TtCAlSfiUeSm  h4S^££TS. 


eavAr/oN  of  eofr.  tan/c. 


Cancngfv  Bof^m  &  P/o/ha 


Appendix  L-1. 

STEEL    STAND    PIPE    TANKS.      (SHEET    2.) 
Tanks,  24  ft.  Dinm.     29-43  and  60  ft.  Higi). 


rr^»m>W  ft^/9nf.faa^>^f»rgnt/>St^,^  /•/'y/>':^*« 


F/an  effynnef,  Crgnedk/fkfan^fmfSar. 
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STEEL    STAND    PIPE    TANKS. 
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STEEL    STAND    PIPE    TANKS. 


